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.THE 

BRAIN AS AN ORGAN OF MIND. 


CHAPTER I. 

THE USES AND OIUGIN OP A NERVOUS SYSTEM. 

A LIFELESS object makes no appreciable response to ex- 
ternal impressions. If we toiKjli a rock or a stone, no 
ans*we?ing movements follow. Day and night, summer 
and winter succeed one anotluir, and yet, though inani- 
mate obiects |indm*go imperceptible molecular clianges, 
they -no active an(^. yisib^g^.i^sj)C)iise either to diurnal 
(fr to Hi'Wkrrii 

It is wholly lyft Jtnow, with the members 

f the kingdom exi||ing ^around and amongst 

[ liose MBimaflwl i . r gsj ^ Tfte seasonal changes shown by 
hem putting forth of the leaf, 

} X>rriod o^'ietiv^ the bloom of flowers, the 

eddinn of th»- ‘ aiding and fall of leaves, arc so 

^ marjjif^talion^of internal activity which dis- 
1 thei^elves with Tmver-faaling regularity. 
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Plants respond, however, to more definite external 
changes than those dependent np^u seasonal mutations. 
Their flowers " 'non and shut at i irticular hours of the 
day, in aceordan. o with the varying amounts of heat and 
sunlight falling h^^on them. They grow more rapidly 
by niglit tluin by da^y though as a general rule tlie activity 
of their internal changes is closely related to the degree 
of heat to which they are subjected. Again, whilst they 
generally grow best in directions wh(ire they meet with 
most air and light (not because of the latter agency, but 
rather on account of the heat wfiich goes with it), many 
of them will, in the course of a few days or w-ithiu 
shorter periods, bend very perceptibly, so as to bring them- 
selves more under the influence of this latter agent. 

Amongst some representatives of plant life, tlic corre- 
spondence between internal and exterip.il changes is 
undoubtedly less obvious than in many of the instances 
just referred to. Thus is it with the black or grey film 
of Lichen wliich marks as with a patch*of paint the damp 
surface of some weather-beateif rock. Yet, ivatch it care- 
fully from time to time, 4^nd, even in this lowly form of 
life, responsive though sluggish changes may be defected, 
suflicient to rejnovo it from the category of inanimate 
things to which the rock itself belongs^ 

The comparjitive com])lexity of lile exhmited by mem- 
bers of the vegetable kingdom is, however, small ; and 
for this tAvo principal causes may be cited. 

(1.) As a rule — tO which there are only few though 
interesting exceptions, to bo mentioned fn Mb tlirj 
subsist on inorganic materials, deriviiij^heir food from 
the gaseous or dissolved mineral elements existing in the 
air or water wdth vvhicli their surfaces^i^ bathed. In 
their natural or healthy state plant^decomposo car^nic 
acid, fixing its carboi and setting free its oxygen. They 
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decompose water, so as to retain its hydrogen ; whilst 
tliey also abstract iiArogen cither directly from the 
atmosphere, or indiro^ly from the nitraU of ammonia 
formed therein and brought to the sj^ll in refreshing 
show^ers. This work of decomposition, under the in- 
fluence of light and heat, goes hand in hand with one of 
an opposite kind, resulting in the elaboration of those 
organic and living compounds which enter into the com- 
position of vegetal tissues. 

(‘2.) Then again, as a rule, plants exhibit no inherent 
pow’ors of movement other than those connected wdtli 
their gittij-h. Tflie movements of the Sunflower and its 
allies are exce])tion‘al ; and there are very few plants 
w]ii(di more or less immediately respond to a touch by a 
movennuit, in the W'ay that the Hensitive-plant or the 
Venus fly-trap *s known to do. T'o this suhjtict, however, 
and to the causes of such motions in plants, it will ho 
necessary to return- For the present it is of importance 
to recollect that plants do not move at all in search of 
food. 

The comparative simplicity, of the life-processes of 
phuit^is ill tlic main due to these two peculiarities. They 
are also, perha[)s, the most fundamental attributes of 
plants as dis^iiguishcd from animals. This subject is 
Avell worthy of our brief attention, since if its considera- 
tion Should lead us to anything lilJe a correct apprecia- 
tiuii of the mode in which some of the simplest vegetal 
orgMTiisms difler from some of the stmplest animal organ- 
is]iis,'%Ks iif^ght may-#apart from its own intrinsic 
interest — prov^^f the highest importance in regard to 
our present inquiry. It may enable us, in a measure, to 
comprehend ^vl^: a Nervous System is absent from Plants, 
an%why it comes ii%) existence in Animals. * It may help 
us further to comprehend w^hy this nerve tissue gradually 
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increases in complexity in ascending to more and more 
highly organized types of animal li 3, 

* Hi ^’1 # 0 

In the present ^ay it is commonly admitted that many 
of the lowest forms of life cannot positively be assigned 
either to the Vegetal or to the Animal Kingdom. Their 
characters as living things are not sufficiently specific or 
constant to enable us to say tliaf they belong to one king- 
dom rather than to the other. In some of their life-phases 
such organisms seem to display tlie attributes of vegetal 
life, whilst in others those of animal life are no loss 
pronounced. They constitute, in fact, an ulKierlying 
indeterminate plexus of changeable and more or less 
related forms, appearing now as animals, now as plants — 
and they may give rise to descendants, or to a series of 
them, totally tiulikc themselves and their ^wn immediate 
ancestors. Amongst such forms variability reigns supreme. 
These creatures of circumstance, which become metamor- 
phosed in a most striking and ajii)arently irregular manner, 
the writer has proposed* to include under the general 
designation of ‘ ephemerSmorphs.’ True ‘ specious,’ Jii 
the strict acceptation of the term, are not to be found 
amongst them. 

Starting from this neutral and cliangiable ground, 
however, forms of life appear that habitually reproduce 
their like, either directly or indirectly ; some of which are 
unmistakably members of the vegetal kingdom, whilst 
others are no less characteristic representy^tives^f the 
animal world. . s 

Owing to tlie frequency and rapidity mth which transi- 
tions from vegetal to animal, or from an|jmal to vegetal, 
modes of growth have been observed to^ occur amoi^gst 


* “ Beginnings of Life,” 1872, voi. ii. pp. 559, 571. 
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^ ephomevoraorplis,’ wp are compelled to believe that 
such passages from tli« one mode of molecular composition 
and activity to the otller, may be determined without any 
great dilliculty by internal cliemico-nutritive cliaiiges, 
whether these latter have or have not been in part induced 
by external inllucnces. Such transitions from vegetal to 
animal modes of life, or the reverse, arc regarded by tlui 
writer as comparable with some well-known metamor- 
phoses of form and nature amongst simpler kinds of matter.^ 

It is certain, as Prof. Graham showed, that one and the 
same saline substance may exist with its molecules now 
in tlio^Jl^^stalloid and now in the colloidal mode of aggre- 
gation, according to the different inllucnces under which 
it has l)ecn produced, or to which it has been afterwards 
subjected. This, for instance, is the case with silica, witli 
the sesquioxiftes of chromium and iron, and with other 
mineral substances. On the contrary, it is also known that 
(M'rtain typical colloids ma}^ under some conditions, be 
converted into crystalloid;j. 

Again, transformations of a similar order, though of 
dijfojjent degrees of complexly, are met with amongst 
saline and elementary substances, when these assume 
different ^ allotropic’ conditions. Well known illustrations 
of this kind •f nfetainorphosis arc met with in the dif- 
forept interchangea])le states of <;arbon, of plios])horus, 
and of sulphur. The passage from one to the other 
allotro])ic state amongst tjiesc elementary substances may 
take ^ace ei^ier with difficulty or with comparative readi- 
ness, inough ^e ease ami celerity with which analogous 
transformation^ire effected in the case of certain saline 
substances is still more interesting in its bearing upon the 
trjjnsformatlonl of pimple living units. No better instance 

“Beginnings of Life, ’ vol. ii. pp. 38, 55, 82. 
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can be selected tlian tlio case of racrcuric iodide, a sub- 
stance well known to exist in two torxlly distinct crysbUline 
forms wliicli differ also in colour. 'vVatts says — The red 
crystals turn yellow when heated, and resume tlieir red 
tint on cooling. The yellow crystals obtained l)y sul)li- 
mation retain their colour wlien cooled ; but, on the 
slightest rubbing or stirring with a pointed instrument, 
the part which is touched turns scarlet, and this cliange 
of colour extends with a slight motion, as if the mass were 
alive, throughout the whole group of crystals as far as 
they adhere together.” 

Thus, it would a})pear that the phenomeJiTI of allo- 
tropism and dimorphism, and the Ihixcs from the crys- 
talloid to the colloid state and the reverse, are strictly 
comparable with the transformations from the vegetal to 
the animal, and from the animal to the vegetal, modes of 
growth so common amongst ‘ ephomoroinoi’phs.’ The 
members of tin* animal and the vegetal worlds may be 
regarded as self-multiplying and progressively varying 
products, resulting from developments which are con- 
tinually taking origin fr6m what may bo regard;.Hl,,as 
different allotropic states of J jiving IMatter. 

^ m ^ 

Of tlio orgnnisms appearing as constituents of the 
cpbemeromorphic assemblage of vital forms, Amcobin may 
perhaps be cited as the simplest types of unquestionably 
animal life; just as ^ some of, the smallest Confervio or 
Moulds are amongst the sim^dcst known forms -of the 
vegetal type or mode of growth, i 

Oonfervie or Moulds, after the fashion of^lants generally, 
feed upon the inorganic elements existing around them 
either in water or in air ; Amoebae, after^ the manner of 
animals gcuierally, feed upon matter which is cither liVing 
or which has once lived. This difference between plants 
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and animals in their r^de of nutrition is so fundamental, 
so much depends upcii it, that we shall find it worth our 
while to inquire a litlSo more particularly liow the depar- 
tiii’o from the more primordial mode of nutrition, mot 
with amongst animals, can be accounted for. 

If we examine some simple vegetal unit tlirougli a 
microscope — the germ from which a Conferva grows, for 
instance — wo find it exhiinting no distinct changes of 
form ; and, if unprovided with one or more viliratile 
hlaments, it also shows no movements from place to 
place. It manifests no tendency to seize, nor has it any 
means^nf taking, solid food. As soon, therefore, as tlio 
clianges incident upon the active growth of sucli a unit 
have ceased, the outer portion of its suhstnuce remains 
constantly in contact with the medium in wViich it lives, 
and shortly liecomes modified. It comumscs and is 
otherwise clianged into an investing envelope, wliich 
commonly goes Jby the name of a ‘ cell- wall.’ In the 
Anueha, on the other hapd, we liave an organism which, 
like the fabled Proteus, is for ever changing its form. 
It* i^ composed of a clear jf^lly-like mattu-ial, on tl owed 
with a superabundance of that intrinsic activity character- 
istic of animal life generally. Those internal molecular 
movements, •indeed, which are inferred to occur to a 
nnv’ked extent in all living malter, seem to take place in 
it in a pre-eminent degree. Its 'whole substance shows a 
mobility of the most strycing kind. It continually moves 
thro^^i the^ water or over suihn es, by alternate projec- 
tions and retl|p3tions of i^s active body-substance. 

Two coiisoc^ences dow from this high inherent 
activity of the Ammba. In the first place, owing to the 
Cjxniture’s rap?d adorations in shape, no one portion of its 
smistance is conunuonsly exposed to contact with its 
medium, and, as a consequence, that first step in organ- 
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ization, above referred to in connection with the Conferva 
unit, does not take place. So long, fs the Amceha remains 
in full vigour and constantly changls its shape, a cell- wall 
cannot be formed. 

Secondly, during the movements of the organism from 
place to place, portions of its projected body-substance 
come into contact with other more minute organisms, 
such as unicellular algie and diatoms, or witli small 
portions of organic refuse, and these are oftentimes 
drawn into its interior when the projections with which 
they are in contact arc retracted. Tlie activity of the 
Amoeba aiid its allies is excited by contact witlvsriatter of 
this and of other kinds, though inorganic fragments an^ 
subsequently voj ected . 

The surplus inherent activity of the Amoeba being, 
therefore, one of the immediately determinir.g causes of its 
absorbing solid food, may also be regarded as one of the 
causes of its departure from tlie more elementary mode 
of nutrition met ^vith amongst tlie simpler or loss vitalized 
organisms from which it has been derived. 

A word, however, is required as to the ‘ selective ’ 
power which the Anneba seems to manifest. 

A magnet ‘ selects ’ minute fragments of iron or steel 
from any heap of heterogeneous paiticlc^s containing 
such matter with which it may be brought into contact. 
Certain plants, also, such as the Sun-dew and the Venus 
fly-trap, ‘ select,’ and seem capable of discriminating, 
nitrogenous from other substances with which they como 
into contact. The leaves of thc^ plants, however, possess 
no nervous tissues of any kind; so that tim fact that they 
seem to ‘ select ’ nitrogenous substances merely implies 
the existence of some relation between the (iiolecular com- 
position and 'activities of the leaves ^and those of sifch 
substances — by virtue of which mutual contact keeps 
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up a state of excitation in the tissues of the plant. Simi- 
larly, there must hJj some definite molecular relation 
between a magnet atur pieces of iron or steel, leading to 
their ‘ selection ’ whenever they come within certain degrees 
of proximity. In the latter case wo have, unquestionably, 
to do with problems of molecular physics ; and in the case 
of the {iftlnity which seems to exist la^tweeii the nerveless 
Amciiba and the organic fhxgnients or minute living things 
which it ahsords as food, wo probably have to do with an 
alli('d problem. There may be dilTerences of degree, but 
none of kind ; all must be included as problems of mole- 
cular pfWMlCS. 

At any rate, be the cause what it may, the coming into 
contact of a fragment of organic matter with projected 
portions of the substance of an Amceba is followed by the 
closure of thij^ mobile substance round it. The organic 
mass is gradually drawn into the interior of our Proteus, 
wh(!re, after Ixnng tlius appropriated, it slowly disappears 
by a rudimentary process^ of ‘digestion.’ After feeding, 
in this way, and assimilating the organic matter taken into 
its interior, tlie Aimeba rapidly»increasos in size, and per- 
haps si ill continues its active movements. Or, as 
happens at otlnn* times, its movements may cease : the 
creature grosvii slftggish from over-feeding, and then, as a 
cons(y]U(uice of its motionless condition, its outer layer 
soon becomes dilferentiated into a cyst- wm II. 

Simple as this mode of^ nutrition may appear to those 
who are familiar with it, its initiation in the Ammba is 
IbllowUPby coTi^‘quences of the most profound importance. 
The assimilationfPi^'fb^r sudi a fashion, of already elaborated 
organic matter is strongly calculated to increase that high 
deja'ee of vitaftty wliich originally led the organism to 
talA in solid food. %’his mode of nutrition, in fact, entails 
a liberation within the organism of much of the molecular 
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motion which was potential in itj food ; and molecular 
motion thus li])erated becomes a ^uso of furtlier active 
movements in the organism — provided its constitution is, 
at the time, able to accommodate itself to such powerful 
internal causes of change. Where it is not in such a 
condition tlie assimilation of much solid food is follow(Ml ])y 
an interval of apparent rest, during which a tliorough rij- 
adjustment of the molecular coiistitution of the organism 
occurs. In the latter case the encysted mass of liviug 
matter may after a time divide into a swarm of sinalha’ 
though most active ]\lonads. Or else traces of liigher 
organization may reveal tliemselves in the enc^^ffiit:^! mass 
as a whole — so that the pn'vious Anueba shortly ennu’gcs 
from its cyst as an active creature of larger size and higher 
typo. 

Ciliated Infusoria, Eotifers, and other fbrms of aninvd 
life of ditierent degrees of complexity, may take origin iu 
such encysted masses of protoplasm, forming the resting 
stages of previously active Ammlne.* I^lie extent to.wliich 
this occurs, however, and the real significance of the pro- 
cesses, are subjects upoif' which all naturalists are far 
from being of the same opinion, 

Be the interpretation, however, wliat it may, the fact 
remains that Ciliated Infusoria, Il^tifers, and other 
organisms may he se(Mi to develop directly f]*om encysted 
matrices of veg(;lal or of Ammhoid origin. Nay more, any 
forms of the animal, s(irics tl^us initiated exhilut, in an 
even more marked degree, the fumlaimmtfil properties of 
th(^ Anueba — the power, Uiat is, of ^*xecutif^ well- 
marked indojx iidont movements and ^f feeding upon 
solid food. And ls cliannels for the reception of such food 
become imu'e. anu more formed, wo may^liud the orgau- 


* ** Bcgiiiniiigg of Life,” vol. ii., chaps, xxi. and xxii. 
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ism’s increasing po\V‘^^'S of movement more definitely 
ministering to this c|^paoity. Its motions, instead of 
being wholly at random, show more and more signs of 
purposiveness — they hccome, to an increasing degree, 
sul)servient to the capture of food. 

Look, then, at the dilTerences already indicated both in 
grade of organization and mode of life, by virtue of which 
even the simpler kinds of animals become strikingly un- 
like vc'getjil organisms. 

The ynit of vege tal life before it has attained any great 
size (‘xTnTJits, by re'asou of its lower degree of inherent 
activity, a tendency to undergo the first stage of organiza- 
tion, that is, to develop a cell-wall which imprisons the 
more active living matter within and causes it to undcr- 
go certain secondary modilic-ations. Before this occurs, 
how(jver, the vegetal unit, if it does not divide, may seg- 
ment or hud; tlv) bud grows into a unit similar to its 
parent, and this in its turn may also segment or bud. By 
repetition of such a process motionless cellular organisms 
are. produced, which, though presenting almost endless 
difierences in form and in the ultimate arraiigement of 
tluur unitsv are in the main composed of mere aggrega- 
tions of simifer parts — these being not solid units of pro- 
toplasm, but most^ vesicular elemriits, in which a cavity 
filhal witli fill id contents is hounded by a layer of pro- 
toplasm and outside this by an inert cell- wall. We may 
have,iju the ^moro sinipl(j^ combinations, long strings of 
such elements "^-ming cellular filaments, as in the Ooii- 
foryje and other tiiread like alga3; or wo may have fiat 
cellular expan^ous, such as exist and brighten many a 
rook pool, in the riclj green fronds of Ulva. Organisms like 
this present us with life ehniges of extreme simplicity. 
If they move it is bccaust; they are swayed to and fro by 
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the elements. They require not seek their food, sinco 
the inorirjinie matcriuls and simjliie compounds sufficin<nr 
for their nutrition habitually exist’ around and in contact 
with th(un. 

On the other hand, in animal orojanisms next above the 
Arnreba — sucli as the various forms of Ciliahal Infusoria 
and Rotifers — well-marked powers of locomotion are dis- 
played, and we have to do with creatui-es which, if tliey 
do not ‘ seek,' at all events seize and swallow solid food. 
We find in the bitter of tliese forms of pond life, distinct 
channels through which food is taken in and ahsorb(‘d ; 
we have glandular structures of various kinds»'*"vvc have 
organs of locomotion, internal and external. Thus, though 
we have not yet becsi able to (hdect with any certainty 
even the rudiments of a nervous system, the grade of 
vitality of these animal organisms must me at onc(‘. a<l- 
mitted to he notably liiglier tlian that of plants. Tln^ 
degree of corres])ondence existing between such creat.uros 
and their surroundings is alvt-ady much more varied 
than that existing between veg<‘tal organisms and tlnnr 
medium ; and this kind dx complexity of relation steadily 
increases in animal organisms only a little higher than 
those to which we have aln^ady referred. Their responses, 
moreover, to the varied external influ(’hces«,to whicdi they 
have become amenablii are ellechal by movements diri'ct, 
rapid, and comparatively com])lex — the motions them- 
selves being brought about by i^uscular contractions, partly 
simidtaneous and partly successive, and mostly o^juH’ring 
in gi’oups which arc definitely related to ^ff<*rent external 
impressions. Reference to a few of theirl^omrnon muscular 
actions will illuv'.rate this. 

Conjoined movements of the head ancf its appendages 
are nx'-eded for tli . seizure of fragnnmts serving as mod; 
and those' motions must be followed by certain others in 
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the upiJer parts of the ^alimentary canal before the morsel 
that has been captunjl can be swallowed. A series of 
movements of this kind may occur in response to some 
touch upon the external surface of such an organism ; 
and, after a rudimentary sense of sight has once been 
established, impressions produced b}^ an object not in con- 
tact may lead to complex locomotions in pursuit, followed 
l)y otli^n'S for capture, and- others again for the swallowing 
of food or prey. The sight of a dilferciit object may, how- 
ever, lead to movements of jlight rather than to those 
of pursuit. The organism may hasten away, to avoid a pos- 
sible^ attWv — since in the past this kind of experience may 
often have followed the appearance of a similar object. 

Again, tlie process of digestion in such animal organ- 
isms is aided by certain accessory glandular organs, whoso 
activity is stim-tlated by the contact of food with different 
portions of tlu' alimentary canal. Absorption of the pro- 
ducts of dig(‘stion is either simple and direct from the 
alimentary canal into some general body-cavity whose 
lluid comes into contact with most of the organs ; or it 
takes place through detinite clnwiiiels, and empties itself 
into* a* circulatory system pro[>er in which blood is pro- 
pell (hI throughout the body by means of a contractile 
heart contatii^ig /one or more chambers. Glands also 
exis|, whose office it is to modify the constitution of the 
blood. There may be cither gills or lungs to renovate 
it by contact with oxygen and to get rid of effete products 
— though in this latter function the organs of respiration 
are po\^rfully^ aided by renW and other emunctories. 

All these are niiictions having to do with the preserva- 
tion of the life of +ho individual, though another set of 
activities also C(Wno into play in animals that have attained 
a glj),de of organization of the kind to which we are refer- 
ring. These new activities peitain to the sexual function — 



14 


THE USES AND ORIGIN 


loading to the union of male and female, the begetting of 
young, and the consequent perpef.ur'ioii of the species. 

Thus it may be dimly gathered how complex the relation 
of the animal organism to its environment soon })ecomes, 
and also what an amount of iiiterdependen(;e is estabhshod 
between the actions of tlie several parts or o:‘gans of the 
animal economy. The contrast between tlie animal and 
the vegetal organism in both these respoeds becomes most 

marlvod. 

It is during tlie establishment of tlie complex relations 
above indicated between an animal and its environment, 
and between the stweral parts or organs of an animal, that 
nervous tissues first take origin, develop, and sulisequontly 
increase in conq)loxity. Kow and why this should be may 
become a little more plain after a briiif consideration of 
tl.'.e nature of simple nervous functions §nd structures, 
and after some rehu-once to the manner in which thcjso 
incren,se in complexity, not only in tli(‘ individual but (by 
virtue of the princi])Ies of heredity and ‘‘natural selection ’) 
(taring the life of that suecesjfion of individuals consti- 
tuting the race or ‘ sptjcies ’ to which the 
belongs. 

From rvhat has been already said it will bo seen that 
tlie preliminary conditions iiecessary for tl^fe initiation of 
a Nervous System ari, first, the existence of a living sub- 
stniice whoso excitability is high ; and, secondly, the pos- 
session by such substance of a well-marked contractile 
power. This statenumt carries with it the imj^Tcation 
that the living matter in which a negy^us tissue is to 
develop must not, in the first place, subdivide itself very 
minutely into separate units; or, at all^^ events, that it 
must not lie.'.orne ddfeiamtiated iiitq' cells with fall3^.:i(|e- 
veloped coll- vodls. Aluch of the substance of the organism, 
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if not comparatively sjjructureless, must be composed of 
plastic units of livinji | matter, not marked off . from one 
another by definite and lowly vitalized cell-walls. 

The vegetal mode of growth is, therefore, as already 
indicated, precisely of such a kind as to unfit it in an 
eminent degree for developing any notable power of appre- 
ciating varied external imjjressions and yielding immediate 
and discriminative responses thereto. 

The nearest approacli to such powers and actions in the 
vegetal world is met with amongst the so-called Insec- 
tivorous Plants,” upon whose peculiarities ]\Ir. Darwin 
has lateA^ given us much information. If wo dwell for a 
few moments ux)on these highest manifestions of the kind 
known to occur amongst plants, the reader may the bettor 
comprehend the great gulf wliicli separates the vegetal 
from the animal world in regard to their respective powers 
of discrimination and motor response. 

Whtm the three liair-like projections on the upper surface 
of the leaf of the' A'eiius lly-trap are touched, they almost 
instantly communicate a stimulus to the cells on each 
side of the mid-rib, wliereby aome change is induced ia 
thein,* and the two halves of the leaf are made to 
approach one another. The nature of the change has not 
yet hecm fullif ascertained, though the evidence adduced 
by Dy.rwin seems to show that it is, at least in part, duo 
to the contractility of the cells above mentioned. A simi- 
lar influence apjx'ars to be transmitted from the glands 
that tip the hair-like projections fringing the leaves of the 
Suii-?i^v, to c^^rtain cells hear the bjise of these bodies, 
whereby motionvis pvodin d.' In this latter plant, a very 
appreciable interval occurs between the time of irritation 
and the ans\viring movement. Mr. Darwin has never 
kif |Avn the interval Ho b(i less than ten seebnds, though 
even in the one case in which it took place so rapidly as 
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this, two and a half minutes were needed for the hair, or 
‘tentacle* as it has been termed^ to move through an 
angle of 45°. As a rule, the rate of movement is even 
much slower. The stimulus which provokes movement 
may come to the base of a marginal tentacle either from 
its own sensitive tip, or by radiation from some of the 
shorter hair-like projections near the centre of the leaf 
whenever their terminal glands have been excited by con- 
tact with a foreign body. 

The transmission of a stimulus from one of the glands 
tipping a marginal tentacle in the Sun-dew, to certain cells 
near its base, though consisting only of molecuhtfi’ move- 
ments, becomes in a manner visible, owing to the fact that 
during its passage the protoplasm within the cells of the 
tentacle undergoes certain obvious changes. Protoi^lasm 
previously in a state of uniform diffusion tlfroughout each 
cell, is caused to aggregate into masses of different size 
and shape as the invisible wave of molecular movement 
passes through it. This ‘ aggi*egation ’ is therefore a 
visible sign marking the passage of the invisible stimulus. 
And as Darwin points out* the phenomenon is analogous 
in certain respects to that which occurs when, after 
stimulus, an invisible molecular change traverses a nerve 
in an animal organism.^ ‘ v 

The same observer .has discovered that the chief delay 
in the transmission of the stimulus along the tentacle 
of the Sun-dew is caused by jts having to traverse the 
successive cell- walls which lie across its path. At each 
barrier of this kind an apprecialJje rotardatijpi occur^f as is 
evidenced by the interval that elapses between the com- 
pleted aggregatioTi in one cell and the commencement of 
the process in the protoplasm of that whftih stands next 


“lufaoctivorous Plants.” 1875, p. 63. 
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along the line traversed by the stimulus. It has been 
found that a stimulus .yadiated from the centre traverses 
tlio leaf in a longitudinal more rapidly than it does in a 
transverse direction — a circumstance apparently to be 
exj)lained by the fact that, in the longitudinal direction, 
owing to the elongated shape and disposition of the cells, 
the stimulus has to pass through a smaller number of 
obstructive cell-walls. 

The irritability and answering movements just described 
are, however, altogether exceptional events in plant life ; 
more especially if wo refer, as at present, only to cases 
where thb«e is reason to supiiose it possible that the move- 
ments are in part duo to contractility, rather than to mere 
disturbance of tension in some of the cells — movements 
of the latter order being not unfrequent in stamens, seed- 
pods, or other jltirts of plants. Yet even in these jdants, 
where contractility appears to exist to a more marked 
extent than in any other known members of the vegetal 
kingdom, tljcre is *no development of a specialized con- 
tractile tissue, and still less is there an appearance of any 
nerve fibres along which the molecular disturbance consti- 
tuting Iho stimulus may bo transmitted. The obstacles 
opposing the passage of the stimulus, to which reference 
has been ina^, would indeed adso tend to impede the 
forimation of a special tissue along tljc lino of discharge. 

In Animal Organisms, however, we have a highly im- 
pressible and very active variety of protoplasm, the units of 
which, particularly as met with in the lowest forms of 
animal^ifo, d(f 4^ot go on “^o the formation of a distinct 
celhwall, and are #)r thi^ most part aggregated into mere 
semi-fluid or gelatinous tissues capable of transmitting 
vibrations in dif!lrent directions with the greatest ease. 

T%is is the casc,%r instance, in Medusas, wdiich are 
perhaps the lowest animals in whom a nervous system is 

c 
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met with. The recent investigatjpns of G. J. Komanes^ 
in regard to this subject are >articularly interesting, 
because they seem to show such a system actually in pro- 
cess of evolution. The contractions of the bell-shaped 
swimming disc of common Medusas must be familiar to 
most dwellers by the seaside, and we now learn that this 
part is lined internally by a very thin layer of highly 
contractile protoplasm, not yfet presenting the detinito 
characters of muscle. We learn also that this contractile 
layer is permeated by a network of incipient nerve fibres, 
in connection with rudimentary ganglia, near its free 
margin. The degree of irritability of theso^Jtogetlier 
elementary animal tissues, and the rate at which stimuli 
traverse them, is alike remarkable, and far ahead of what 
may be met with in the plants in wliich analogous 
changes a^e most marked, — such as tin? Venus fly-trap 
or the Sun-dew. 

According to Romanes the molecular discharges issuing 
from a single rudimentary gai^glion, in the swimming bell 
of a large Aurelia weighing thirty pounds, were sufficient 
to incite vigorous contractions throughout the whole mass 
— though this mass weighed 30,000,000 times as much 
as the ganglion itself. When all the ganglia have been 
removed, he has found that a wave of contraction, starting 
from any part of the disc which is touched, will travel 
equally in all directions at the rate of a foot and a half 
per second, so that the contraction of the whole bell is 
practically simultaneous — and therefore, in marked con- 
trast with the very slow benettng of the ^Htate(i*lcntacle 
of a Sun-dew. * 

Thus the preliminary conditions already assorted to be 
necessary for th?i initiation of a nervous System are here 
present to d well- narked degree, anfl in notable co^/trast 
Phil. Trans.,” Part L, 1876. 
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to what obtains among^l the members of the vegetable 
world. y 

As to the mode by which, in Medusae or other low types 
of animal life, the first rudiments of a nervous system are 
evolved, only a few brief statements can be made. On 
this subject inferences have only too often to take the 
place of positive knowledge. Fortunately, however, the 
data on which such inferences may be based are now fairly 
well established, thanks more especially to the writings 
of Herbert Spencer^* — whose speculations on this subject 
liave beei^Jbo some extent confirmed by the recent investi- 
gations of liomanes and Eimer. 

In the lower forms of animal life, we have to do with 
a body substance composed, as already stated, almost 
wildly of undilfi^rentiated protoplasm. This substance, 
if not ‘ sensitive ’ in tlie strict sense of the term, is 
highly impi-tissible — or capable of receiving a stimulus — 
and is also highly ctiiitractile. But neither the impressi- 
bility nor the contractility of the protoplasm in lower 
forms of animal life is localized— both properties are, so 
far ^hey exist, uniformly possessed by all parts of the 
organism. In some of the larger Ciliated Infusoria, in 
Gregarinai, and in the hydroid Polyps, distinct rudimen- 
tary J muscles ’ Tiecomc dilferentiated, and such tissues are, 
moreover, now known to exist in many other organisms in 
which no traces of a nervous system are to be found. 
Muscular tissue, therefore, 'makes its appearance before 
nervous%issue,#mid it beconiBS developed in those situa- 
tions where th^ §rotopicsm is stimulated to undergo 
frequent contractions. 

It is, in fact, •one of the most fundamental truths in 
biolo^ that the perfcrroance of functions, or, in other 

* “ Principles of Ps 3 cliology,” vol. ii. p. 69. 

c 2 
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words, the occurrence of action^ of any kind in living 
matter, tends to occasion stri^itural changes therein. 
Such a fact is implied in the common statement that 
living matter is an orgaiiizable matter. Wo suppose 
nothing unusual, therefore, when wo imagine that 
frequently recurring contractions in any one portion of 
living protoplasm will almost certainly lead to a structural 
change therein. And, further, we arc warranted in 
supposing that such structural change will be of a kind to 
favour the occurrence of the actions by which it has itself 
been produced — that is, that the modified protoplasm will 
be more highly contractile than the original ^iZotoplasm 
from whi(di it has been produced. 

But what, it may be asked, is the cause of these locally 
recurring contractions, the occurrence of which is supposed 
eventually to lead to the production of Aiuscular tissue ? 
Contraction so invariably follows upon stimulation, tliat 
we may safely say the cause in question can bo no other 
than the incidence of certain stimuRitions — and we pro- 
bably shall not be very far wrong if we sup])ose that these 
result from, or take thciiiorigin in, shocks or other physical 
impressions upon definite though related parts* oY the 
external surface of the organism. Its form or its mode 
of progression by cilia may lead it t^ cqjne into contact 
with external objects most frequently by some particular 
part of its surface, and such local shocks produce waves of 
molecular movement, which pass more especially in some 
one or more directions and act as stimuli. 

It is pretty certain that fmpression^br slices made 
upon protophism, or even the incidenc# of physical agents 
such as light or heat, liberate molecular movements 
therein, and thnt these molecular nK^ements may be 
transmitt, (^3 from their point of ortgin through it^n al. 
directions. it occasionally hap2)ens, owing to tho 
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shape of the part struo^, or owing to the fact that an 
impression made uponyone region — say a tentacle — is 
usually followed pretty quickly by a second impression 
made by the same moving object upon another surface 
region, that an impression or stimulus comes, as Herbert 
Spencer points out, habitually to traverse a certain path. 
Much of the molecular motion consequent upon the ‘ stim- 
ulus ’ is drafted along this jiath. This being so, the stim- 
ulus necessarily tends to excite contractions in particular 
parts, and thus leads to the dillereiitiation of the pro- 
toplasm of such parts into the more or less definite 
Muscular' ‘Tissue found in some of the lowest animal 
organisms. 

This, however, is not all. The localization of the path 
of the stimulus leads to structural results of another 
kind. '\Vheneve\‘ external impressions produce molecular 
movements which traverse with frequency some delinite 
path, the transference of such moviuncnts is made easier 
by each rope li lion, and thej;o is a t(nidcncy to the initia- 
tion of a structural change along this path. Just as the 
frequent repetition of contraction j in certain parts of the 
protoplasm leads to the production of distinct muscular 
tissues, so the frequent passage of a wave of molecular 
movement aloi^ a' delinite trad: through protoplasm or 
throfigh juxtaposed plastides, leads tq the dilTerentiation 
of the protoplasm thus acted upon. At first the actual 
structural change may be ur^rccognizablc, although a ‘ line 
of discharge ’ may have become established along which 
impress^ns a r(f 'habitually t^nsmitted with ease, as seems 
to be the case witlt the majority of Medusie. Ultimately, 
however, by the constant repetition of such a process, we 
should have the? gradual/H ^TOHiticiii' T yf t Nerve 

Uibrl^ — this being a tissufc clement whose special ise and 
duty is to transmit molecij Jar movemen t, and wbij h may 
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be seen in its earliest form a c a barely recognizable 
structure in Sarsia.* 

From all this it would appear that the primitive ‘ nerve 
fibre ’ is a structure serving to connect impressions made 
upon the exterior of the organism with certain responsive 
muscular contractions quickly following thereupon. This 
is perfectly true, though only part of the truth. 

The path taken by stimuli from impressible surfaces to 

muscles is not generally 
the shortest and most 
direct route. In the 
great majority^ of organ- 
isms tliese paths are 
more or less bent upon 
themselves. Those for 
i 11 goingTm p re s sion s m ay 
run nearly parallel with 
one another towards 
some central situation ; 
and thence they may be 
distributed to muscles in 
various parts of the 
body — some of these 
being perhaps not very 
distant from the surface 
stimulated. In the latter ease the track of the stimulus 
wave is found to bo bent at aij acute angle, or ‘ reflected.’ 

At the turning point or ‘ nerve centre,’ whence impres- 
sions are distributed outwarcls in varicji^ direSions to 
muscles, what are called ‘ "Nerve Cells ’‘^become developed. 

* Since the above was written and in type ^ho observations of 
Schafer (Proceed, of Roy. Soc., January, J1.878), and of 0. ^d R. 
Hertwig, have reve; led the existence of distinct nerve tis^es in 
several species of i^ -edu 8 a 3 . 



Fig, 1. DilToront kinds of Nerve Cells. (Magni 
fled about 350 diameters.) 
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These bodies are interpAed so as to constitute part of the 
actual path of the stimulus wave, and accordingly, they 
may he, in etfect, junctions for ingoing impressions or 
dividing stations for out-going impressions. The matter 
composing them seems to bo endowed with extreme mole- 
cular mobility. It is owing to the multitudinous com- 
binations of these bodies with one another, and with 
ingoing and outgoing fibres, in modes which will be 
sketched in the next chapter, that the complex work of 
the nervous system is enabled to be carried on. 

Nerve tissue, in the lower forms of animal life, is 
essentially subservient to the bringing about of move- 
ments in more or less immediate response to external 
shocks or other localized impressions, or of movements 
and glandular activity as a result of impressions upon 
internal surfaces. These various movements gradually 
become more definitely related and appropriate as 
responses, in proportion as the organism becomes better 
able to discriminate the dihbrcnces between the several 
kinds of impressions made upon different parts of its 
surface. » 

Even amongst Medusae definite responses to stimuli 
are occasionally met with. Thus in the hemispherical 
Tiaropsis, froiji the inside of which hangs a long funnel- 
lik<5 body or polypite, this structure^ as llomanes says, is 
found to be capable of “ localizing with the utmost pre- 
cision any point of stimu^tion situated in the bell. For 
instance, if the bell be pricked with a needle at any 
point, ^le pol5T|ite immediately moves over and touches 
that point. • . If immediately afterwards any other 

part of the bell be pricked, the polypite moves over to 
that part, and ^o on.'’ From this it may be concluded 
“ tAt all parts of tfie bell must be pervaded by lines of 
discharge, every one of which is capable of conveying a 
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separate stimulus to the polypi te/: and so of enabling the 
polypite always to determine whifeh of the whole multi- 
tude is being stimulated. . . . It is no doubt a 

benefit to this Medusa that its polypite is able to localize 
a seat of stimulation in the bell; for the end of the 
polypite is provided with a stinging apparatus, and is, 
besides, the mouth of the animal. Consequently, when 
any living object touches the’ bell — whether it be an 
enemy or a creature serving as prey — it must alike be 
an advantage to the Medusa that its polypite is able to 
move over quickly to the right spot, in the one case to 
sting away the enemy, and in the other to capture the 
prey.”’^ 

It is, in all probability, the delicate impressions pro- 
duced by contact of the sea- water with the surface of the 
organism, acting through the intermediation of the rudi- 
mentary ganglia near the edge of the swimming-bell, 
which tend to incite its apparently ‘ spontaneous * 
movements. At all events, when these little bodies are 
removed the habitual rhythmical contractions of the 
swimming-bell cease, anri a single stimulation of any 
portion of the bell is then followed by a single contraction. 
The contrast between the behaviour of such an animal 
and one which is uninjured, is very strfking^t 

Multiply the kind of correlation above typified, and it 
may be seen that as organisms, or their descendants, 
increase in their ability to discriminate different impres- 
sions made upon them from without, so will there grow 
up muscular responses suitable to each. ^rAJlid the' struc- 
tural modifications, or ‘ tissues,’ througS the intervention 
of which any of these impressions, discriminations, and 
responses are rendered possible, are no more isolated from 
others which' the ' reature is capable or receiving or maWng, 
* “ Nature,’ vol. xvi. p. 290. t Loc. cit., p. 289. 
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than is any one causeAf impressions isolated from others 
Mitli which it may he’ associated in the complex web of 
external occurrences. Each acquirement serves as a 
stepping-stone to the next, and each new response is 
made easier by those previously rendered possible. In 
this way the correspondence between the organism and 
the outside world gradually becomes, as Herbert Spencer 
has urged, both more precise and more complex. By 
slow degrees a more and more harmonious relationship 
between the two is brought about, the degree of complexity 
of which we are left to gauge, principally by an esti- 
mation x)f the character of the movements executed in 
relation to the stimuli from Avhich they immediately or 
remotely proceed. We have at first to do with mere 
simple ‘ reflex ’ actions ; in higher forms of life some of 
these actions mcrease so much in complexity as to become 
worthy of the name ‘instinctive’; whilst in still higher 
organisms we have what are called ‘ intelligent ^ actions 
in increasing proportion, • though always intermixed with 
multitudes of others belonging to the ‘ instinctive ’ and 
to the ‘ reflex ’ categories. • 



CHAPTER II. 

the STBUCTURE op a nervous system NERVE FIBRES, 

CELLS, AND GANGLIA. 

The Nervous System in all higher animals is composed of 
nerve fibres and nerve cells, together with an intermediato 
basis substance in those parts where the latter units are 
principally clustered together. The whole forms a con- 
tinuous tissue, variously arranged and distributed through 
the bodies of animals, and dilfering notably in its de- 
veloimient in accordance with the complexity of organiza- 
tion of the creature of which it forms part. 

In all animals a certain order or plan is, however, 
recognizable in the mode^ of arrangement of the typical 
elements of the nervous system. Thus, without exception, 
we find ingoing nerve-fibres proceeding from sense organs, 
or from other sensitive parts, to groups of nc^ve cells more 
or less freely connected with one another in some * nerve 
centre.’ These cells are, in their turn, connected with 
another set of inter-related n^^rvo cells, situated either^ 
close to or at a distance from the first ; and from this 
second group of colls a set of^ outgoing i^^Ve fibres pro- 
ceed, which are distributed to muscles^or to glands in 
various parts of the body. Nerve elements so arranged 
constitute the functional units of a nervous*system. This 
is the kiud of / lechanism by means of which * r^ex 
actions are brought about ; and these form the ground- 
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work of all simple Aodes of nervous activity. By an 
indefinite multiplication of such combinations of nerve 
units, variously arranged, stimuli or impressions (repre- 
sented by molecular movements) are conducted from the 
various sensitive surfaces or parts of the body to related 
nerve centres, and arc thence reflected so as to rouse the 
activity of related muscles or glands. 

The groups of nerve cells above referred to, together with 
some 2)ortions of their related fibres, are usually aggre- 
gated so as to form distinct and separate nodules known 
as ‘ ganglia.’ Those in connection with ingoing (or afle- 



3rir,. 2.-— SniJill Syrniiathotlc Ganglion (Human) with Multipolar Cells. Magnified 
about 400 diaijietors. (Loydig.) * 


rent) fibres are commonly spoken of as ‘ sensory gan- 
glia, ’^vhilst those which ^ie at the roots of outgoing (or 
etterent) nerval are known a^ ‘ motor ganglia.’ 

Two or more^ sensory ganglia, or two or more motor 
ganglia, may ^*ow together into a single mass ; or what is 
equally common, a^ sensory and its corresponding motor 
gai^lion, or two or more p irs of these, may fuse into a 
single larger nodule, which may bo called a ‘ nerve centre.’ 
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The term ganglion is, however, tommonly applied to 
any round or ovoid nodule containing nerve cells, whatever 
its size or degree of internal complexity. Many ganglia 
in lower aiumals, which are typically deserving of the 
name as regards mere form and separateness, are also, 
hy reason of their compound nature, true nerve centres. 
The two terms are, therefore,, to a considerable extent, 
interchangeable. 

Fusions of ganglia may occur during the development of 
some animals, especially if they pass through distinct 
phases of existence, as with Insects (figs. 89-41). Similar 
changes arc also presumed, by believers in the doctrine of 
evolution, to occur during the development of the race, since 
in many highly organized animals we may find a large 
compound ganglion in the place of, and doing such work 
as falls to, two or more smaller separate gaii^^^ia in simpler 
members of the same class of animals — for example, in 
different forms of Crustacea (figs. 34-36). This kind of 
fusion or coalescence of primitive#ganglia attains its maxi- 
mum in the brain and spinal cord of vertebrate animals. 

• 

From their naked-eye appearances nerve tissues are com- 
monly divided into ‘ grey ’ and ‘ white ’ matter. The grey 
matter of the nervous system is, for th^ mevit part, gan- 
glionic tissue, in whiclunerve cells are more or less thickly 
clustered. The white matter, on the other hand, such as 
we find in the brain and spinal cord, is composed of an 
aggregate of nerve fibres. These tissues are of a soft 
pultaceous or semifluid consistence, and arq^ Jjomposed, in 
the main, of water, of phosphoretted fatS, and of protein 
compounds. Tlu amount of water varies from 75 to 85 
per cent. It is more abundant in the gfey than in the 
white matter ; m< re abundant in lower than in higgler 
animals ; and it likewise forms a larger proportion of the 
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nerve tissues of youifl jcr animals than of those in whom 
the nerve centres are^ more fully elahorated. The chemical 
compounds, entering into the constitution of nerve tissues, 
are also extremely complex and very unstable. Thus, both 
from their physical and chemical comi^osition, it is thought 
that waves of molecular movement are easily initiated in 
and easily propagated through nerve cells and fibres. 
Whether these molecular ‘ waves ’ or ‘ currents ’ in nerve 
tissue are brought about by virtue of mere isomeric 
changes or by actual decompositions occurring in their 
substaiKie is, for the present, extremely doubtful.^ 

Our* knowledge of the exact arrangement of the ana- 
tomical elements of nervous tissues, as well as of their 
models of development, is as yet merely in its infancy. We 
have much to learn concerning the actual relation of 
lihres and ceRs, and their dilYerent modes of continuity; 
our knowledge of the structural relations existing between 
different centres in higher animals is most incomplete; 
and, concerning the various kinds of peripheral nerve end- 
ings, much doubt and uncertainty also prevail. The more 
didlcult questions touching neri^e evolution and development 
are proportionately further from their ultimate solution. 

Jlut, ^vhatever the precise mode in which the nerve 
cell is origij^ally evolved in the race, or developed in the 
e^ibryo of any particular animal,, it is porlectly certain 
tliat many of these bodies are subsequently found in 
organic continuity with mjrve fibres and with one another; 
so that (whatever other function they may fulfil) nerve 
cells^would'^ ffeern to foi*m meeting-points or termini, 
in which differeflt nerve currents arriving at and passing 
through clusters of such bodies, may be brought into 
relation with 7)ne another, and whence they are certainly 
cajkable of being diverted into new directions. 

* Spencer, “ Principles of Psychology,” vol. i. p. 20. 
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Without entering upon any discuiuon as to the differ- 
ences existing between the nerve elernents of higher and of 
lower animals, and dwelling but briefly upon the many 
differences of opinion which exist in regard to the actual 
structure and relations of these elements, an endeavour 
will bo made to give the reader some notions concerning 
their most probable arrangement — such notions as 
may enable him to comprehend the descriptions given in 
succeeding chapters of the different forms of the nervous 
system, as well as of the nature and mode of composition 
of that portion of it known as the ^ brain in various orders 
of animals till we come to man himself. In tins way 
it will be possible for the reader wdio bestows an adequate 
amount of attention, to obtain a good insiglit as to the 
nature of some of the most definite and best-grounded 
notions, which are at present either actfially held or 
warrantable, concerning the structure and functions of 
the ^ Brain as an Organ of Mind/ 

Nerve Fibres. — At their commencement near the 
internal and external surfaces of the body, and also near 
their endings in muscles and glands, nerves are repre- 
sented by extremely fine, almost transparent ‘ fibrils ’ from 
* 60^0 0 ^^ to inch in dian^ter. These 

fibrils freely interlace * with one another, so as to form 
minute loops and plexuses, and, witliin short distances, 
they often vary considerably in ejiameter (L. Beale). 

Much might be written were we to attempt to discuss 
the various modes in which the fibrils comnjfahce or termi- 
nate, and theii precise relation to other tissue elements in 
various parts of the body; but, in spite of the great 
interest attaching to these questions, tBfey cannot be 
entered upon* in diis work. A slight reference to^lie 
subject is, however, made (p. 67) in the next chapter. 
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The ultimate bugles of elementary ' fibrils ’ are 
gradually aggregated** into larger bundles, or ‘ fibres,’ as 
they recede from their scats of origin or termination and 
approach the nerve centres with which they ai’e in com- 
munication. These smaller bundles soon become enve- 
loped in a very delicate membranous sheath (Schwann), 
whilst tfic component fibrils fuse more or less completely, 
so that the fibre appears either 
structureless (fig. B), or merely 
shows signs of fibrillation. A little 
further on these still small fibres 
become* enveloped by a layer of 
white semi-fluid ‘medullary sub- 
stance,’ wdiich lies beneath the 
membranous sheath of Schwann, 
and forms a '^hitc border to the 
nerve as it is seen on micro- 
scopical examination. Thus a 
dark hordcredy tvhitey o?: mcduU 
lated nervo fibre is formed. 

Such dark-bordered fibres fire 
at lirst very slender ; but by co- 
alescence with others of the same 
kind larger ^fibres arc produced 
(fig^ 4), varying in man from x¥"or)o^‘^^ 
inch in diameter, Tlie central portion of such a nerve 
fibre, viz., that lying withip the white medullary sheath, 
is its most important constituent ; it is almost translucent, 
and ^ knoWljl as the a^is hand or axis cylinder. In 
the perfectly fre^h sta,tc it shows faint traces of fibril- 
lation, but unless examined with care it may appear 
structureless, Snd yield no evidence to the microscopic 
observer as to its co'mpound nature. Under ’the influence 
of slight traction, or by imbibitiem of w*ater, these medul- 



Fi(i. S.- ITtiman Nerve l-Mbrcs 
of (iitTeroiit sizes (Kolliker). 

o, o, a. Healthy fibres, the 
lart^est of whieli is ‘ drirk-bor- 
derefi.’ b, h. Fibres altered by 
ex]iosiiro. Magnified it.'JO dia- 
meters. 
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lated nerve fibres speedily undergo ckiange. They then not 
unfrequently assume an irregular oi\aricose appearance — 



Fio. 4. — Small Branch of a Muscular NeifA) of the F’rog, its Tcfmination, 
showing fli visions of the Fibres. Magiiihod. 350 diameters (Kblliker). a, into two ; 
hf iiito tliroo. 

principally owing to changes in the white medullary 
sheath (fig. 8, h, b). '' 

The uso of this white investing substance is not known. 



Chap. II. J 


A NiRVOUS SYSTEM. 


83 


It is absent from the Jripheral extremities of the nerves, 
and it is absent also m)m their central extremities, at the 
points whore the fibres approach or depart from the nerve 
cells. Both it and the membranous investing sheath have 
been of late ascertained to be regularly interrupted at 
comparatively short distances, so that such nerve fibres 
have the appearance of being constricted in those situa- 
tions (Kanvier). 

Nearly all visceral nerves, as well as the fibres of the 
olfactory and some others, do not possess this medullary 
sheath, to which the dead white colour of the great ma- 
jority of ‘nerve fibres is due. They are, therefore, semi- 
translucent or grey 



appearance of fibrillation, are surrounded by a delicate 
membr#ious.4«jelope, and^the larger fibres are similarly 
formed by the running togefiber of fibrils and smaller 
fibres. 

Nerve fibres thus compounded, both dark bordered and 
pale,|pimilarly tend tfe aggregate into cords or bundles of 
different sizes, the fibres of which run parallel to one 

n 
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another, and are invested by a smath. These again, in 
their course towards the centre, collect into larger and 
larger bundles, the different elements of which are all 
bound together into one white trunk or ‘ nerve ’ (fig. 6), 
by means of a firm connective tissue envelope, which 
sends thinner investing prolongations in amongst the 
constituent bords. 

These ‘nerves’ of various sizes frequently contain 
within the same bundle both ingoing and outgoing fibres, 
and are then known as ‘ mixed nerves Others contain 
only ‘sensory’, or only ‘motor’ fibres. In their course 
nerves often communicate freely one with another by 



Fro. 6. -Portion of the Trunk of a Nerve, consisting’ of many smaller Cordh 
wrapped up iti a comm(»n Sheath (Quain after Sir C. Belli a, the nerve ; b, a ainglo 
cord drawn out from the rest. Magnified seV^ral diameters, 

means of branches. Such communicating branches are 
especially numerous in the course of the visceral nerves, 
and, when many occur amongst some particular set of 
cords, what is termed a ^plexus ’ is formed (fig, 7). In these 
plexuses the individual nerve fibres do not undergo 
division. Some of them merely leave one bundle or cord 
and pass to another, with the fibres of which they are 
ultimately distributed, either to muscles or to nerve 
centres. ^ 

The smaller medullated nerve fibres Mnite, so far as we 
know, only near their commencements, and the larger 
motor fibres only undergo bifurcation nesfi: their termina- 
tions in muscb.8 or glands (fig. 4)!’ The fibrils ele- 
mentary constituents of the fibres probably do not divide 
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at all. They are to be r|garded as single channels (however 
devious their course may be), along each of which separate 
stimulus- waves are capable of being transmitted. We can 



Fio. 7.— The Cervical Plexus, composed by interlacements of the last four ccrvica 
(1 , ‘J, 3,4^^ ‘"-nd the first dorsal nerves (5). The various branches ((5-21) are distributed 
to the shoulder, ami, fore-arm, and hand. (Sappey after Hirschfeld.) 

speak here on^^ of probability, as this is a subject neces- 
sarily beyond the reach of actual observation. 

Nerve Cells vary much size and shape — the smallest 
being about 3XM)7yth, w^hilst the larger may be ^^o^h of 
an inell or--fhfi’e in diarneter. They are more or less 
granular bodies, c^Lch of which contains a large nucleus, 
and within this an unusually distinct ^nucleolus’ (figs. 
1 and 8). N^r the nucleus a heap of yellowish or 
oran|j0 coloured pigment granules may often bo seen. The 
substance of the cell is continued into two or many ‘ pro- 

D 2 
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cesses,* which are Jither much branched (fig. 12) 
(ramifying processes) or simple. It is by means of these 
different kinds of processes that nerve cells are united 
to the central extremities of the nerve fibres and to one 
another. It is worthy of note that the substance, both of 
the nerve cell and of its processes, when examined under 
high magnifying powers can often be seen to be dis- 
tinctly fibrillated in the same manner as the ‘ axis band ’ 
of a nerve fibre, with wliich, or with the ramifications of 
which, some of these processes are continuous. 

If the fibrillations of the axis band, and of the nerve 
process into which it may be continued, correspond with 
functionally if not structurally distinct fibrils— that is, with 
separate paths for stimulus waves — so, in all probability, 
the fibrillations of the nerve cells will indicate as many 
distinct paths o^ stimulus waves through them in different 
directions. The api)earances presented by the cells are 
quite consistent with this view (fig. 8). Fibrillations, for 
instance, can be seen passing from one nerve process 
in a curved direction through the body of the cell and iido 
another process ; whilst others ill the same process can be 
followed through the cell in quite different directions. 
There is no lilBculty in supposing that many nerve currents 
may pass through* one of these compound nerve fibres, 
just^ as many electric currents miglit pass simultaneously 
through a single telegraphic or telephonic wire. 

These fibrillations of the iicrvc coll are probably sequen- 
tial to, and gradually difierentiated in the course of, its 
functional aortVi|y. It is not^uiireasonable to expect that 
there would be a* gradual marking out of the paths of 
habitual nerve currents, through the previously structure- 
less though sli^itly granular substance of the nerve cell, 
durii^ their passage from ti^ re to cell and from one of 
these bodies to another. 
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In accordance with this view, should not expect to 
find in the majority of ganglion cells terminations or origins 
of such fibrils — whether in the nucleus or free in the body 
of the cell. If the fibrillations are the structural correla- 
tives of nerve currents, they should be generally as con- 
tinuous and unbroken as the latter, and just as devious, 
winding and irregular in their path. 

We should scarcely look for free ends or beginnings to 
such fibrils elsewhere than at the periphery. And if the 
semblance of free ends are ever recognizable within the 
body of the cell, it will probably be in young cells in 
which the functional (and therefore the structural) current 
lines have not yet been sufficiently developed by constant 
repetitions. Much obscurity, however, still reigns in 
regard to all these matters. Wo do not, indeed, know 
definitely how far this kind of fibrillation ot the nerve cells 
is general, and whether there may not be whole groups 
of them in which no such arrangement^exists. It is quite 
conceivable that in some nerge centres, where ‘ spon- 
taneity’ of action appears to prevail (or, in other words, 
whence widespread an(J sudden irradiations of motor 
stimuli may emanate on slight provocation), we might 
have a difierent kind of action altogether. The nerve 
cells of such centres may approach nearer H. Spencer’s 
ideal, and be true ‘ libero-motor ’ elements. 

The Neuroglia, or interjnediate substance, exists 
most abundantly in the larger nerve centres, such as the 
Brain and Spinal Cord. It^as been ^n\)tjt commonly 
regarded as a comparatively insignificant connective tissue, 
though some Tew physiologists have always been willing, 
and even anxious, that it should be credited with higher 
developmental i nd functional capacitfes. ^ 

It is composed in part of minute corpuscles or celbi 



Chap. II.] 


A NlRVOUS SYSTEM. 


39 


united to one another Ay means of a network of slender 
ramifying fibrils (fig. 9);and in part of an interspersed homo- 
geneous or simply granular basis substance. It has been 
long known to contain some small 
branched corpuscles, almost indis- 
tinguishable from young nerve 
cells ; and of late the much 
branched processes of many fully 
developed nerve cells have also 
been thought to have a structural 
continuity with this minute net- 
work of* the neuroglia. If these 

- . . Fig. 9. — Portion of Neuroglia 

observations are correct, portions from tho spmai cord, open 
of the ‘intermediate substance’ ‘"’f 

would often constitute part of the but at two places close lamciu- 

. •XX A. 3 1 X interlacements are shown. 

circuits traveled by nerve currents (Kanikcr.) Magnified 36o dia- 

in their passage through the “otets. 

centres. 

This intermediate tissu^ is, in short, the probable matrix 
wherein and from which new nerve fibres and new nerve 
cells are evolved in animals, of v.ihatsoever kind or degree of 
orgamzation, during their advance in reflex, in instinctive, 
or in intellectual acquirements. Some such process must 
take place, j)assu with the acquisition of new^ know^- 
le(%c and powers, of all kinds an^ howsoever acquired : 
whether it comes, as in lower animals, from mere intercourse 
with natural phenomena ; ^or, as amongst ourselves, from 
siimlar means, supplemented by individual application in 
the mlsterj;-^^ cducationaf or professional pursuits and of 
ail kinds of handkvork ; or w*hether the new knowledge and 
powers come to us as a result of that more general edu- 
cation or ‘ experience ' wiiich is gained by daily intercourse 
wit}| the pleasure^ trouble-^ turmoils, and exertions in- 
separable from social life. The acquirement of new powers 
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or accomplishments must corres^ md either with more 
or less alteration of old, or w :h the development of 
new structures, in one or more of the various nerve 
centres. 


The Structural Relations of Nerve Cells with Nerve 
Fibres, and with one another. 

Nerve cells are supposed to communicate with nerve 
fibres and with one another in the following mode?, : — 

1, The nerve cell occurs as a round or elongated swell- 
ing in the course of a nerve fibre, as may be seen in figs. 
10 and 11. 

Here an undivided nerve fibre swells more hr less abruptly 
into the nerve cell, and similarly emerges therefrom, so 
that the cell in this case is only a nucleated expansion of 
the fibre. The fibrils of the ax^p band may be seen pass- 
ing through the cell in a divergent and re-convergent 
fashion, having the finely igranular basis substance of the 
cell between them. The sheath of the fibre, though 
usually not the medullary substance (fig. 10), also passes 
over the cell. ^ 

A point which will bg found more doubtful in other cases 
is most distinctly illustrated hero : viz., that a struc- 
tural continuity exists betwcei^ the substance of the cell 
and that of the nerve fibre. There is no distinct line of 
demarcation between the two. ^But, so fajiiKUwe lAow at 
present, this particular relation of fibrli and cell exists 
principally in ganglia peculiar to the ingoing ner ves and 
situated near the great centres to which thefce are attached. 
There is, it is trie, some reason flbr believing i\mi a 
similar relationshi;^^ may exist in some of the ganglm pn 
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I'lo 10.— Throe hiiKjlargLi.uigluiii Cells from the fifth nerve of the Pike (Strieker 
after Uidcler). 

Fio. 11. — Three bipolar Ganglion C'lla from the auditory nerve of the l*ikc : o, 
entirely enclosed withlii the medullary shoatli ; b, entirely, and c, partially, exposed, 
to show that these ganglion c^ls are only <.‘xpan8ions of tlie axis hand. 

the visceral nerves, and that something like it also exists, 
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though on a much sma|[er scale, in the course of ultimate 
peripheral nerve fibres (Beale). 

2. The ingoing nerve fibre, on subsequently reaching its 
centre, divides into its elementary fibrils, and these become 
structurally continuous with a fine network of fibrils (Ger- 
lach) forming the rootlets 


of ramifying nerve pro- 
cesses belonging to one 
or more contiguous nerve 
cells (fig. 12). 

This kind of connec- 
tion is tfiought to exist 
not only in the spinal 
cord, but also in the 
superficial grev matter 
of the brain (1/oth cere- 
brum and cerebellum), 
though it is by no 
means certain wliether 
the fibres which unite 
with the cells in this 
fashioii in the latter or- 
gans constitute ingoing 
or outgoing clj|annels. 

ft is into such a union 
as this that the fibrils 
and corpuscles of the 
‘ neuroglia ’ (fig. 9) 
seem ^o ewi€%. Cer- 
tainly its network can- 
not be distinguished or 



lo.— Muitii)olar Ganglion Cell from an- 
terior grey matter of Spinal Cord of Ox. a. 
Axis cylinder process ; 6, branched processes. 
IMagnified 150 diameters. (Deiters.) 


clearly separated, in many nerve centres, from that formed 
by t|je ultimate ner/e fibrils and the branchlets of ramify- 
ing cell processes. 
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3. In other nerve cells, fiirnishe(i with many ramifying 
processes, one long simple process maybe seen (figs. 13, a, 
14), which is occasionally traceable into direct continuity 
with the entire axis cylinder of a nerve fibre (Dciters). 
This mode of union is now generally admitted to exist, and 
it is not improbable that nerves so arising are, usually at 
least, outgoing fibres. Whilst this view cannot be defi- 
nitely verified, it is a fact that 'such processes have been 
found princii)ally in the spinal cord in connection with 
the nerve cells of the anterior, or motor, regions of its 
grey matter. 

There is thus some ground for believing that ingoing 
fibres, in the majority of cases, swell in the posterior sj)inal 
ganglia and their analogues into nerve cells (fig. 10) ; 
that within the larger nerve centres these fibres, which 
convey ingoing currents, break up into a pencil of ultimate 
fibrils, and that these ultimate fibrils may be partly in 
structural continuity with the neuroglia, and partly with 
the radicles of a much branched nerve process (fig. 12), 
the divisions of which unite (like the radicles of a vein), 
till they are gathered inte one or more branches directly 
continuous with the substance of the nerve cell. Such 
arrangements may suffice to break the force of Ingoing Cur- 
rents as they impinge upon highly excitable centres ; or 
their diffusion therein /nay thus be facilitated, and as a con- 
sequence they may be enabled to come into relation with the 
ultimate ramifications of procesijes pertaining to several cells. 

On the otlier hand, there is ground for believing that 
Outgoing Currents leave the ^cells of tl|3 %pinaf motor 
centres by undivided processes, whiclf are directly con- 
tinuous with tlm axis-bands of dark bordered nerve fibres. 

Should these suppositions be correct ttk to the mode 
in which current i impinge upon th% sensory side, ^ and 
subsequently issue from the motor side of a nerve centre, 
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then, in order to compi^te our mental survey of the path 
of a stimulus wave through such a nervous arc as is called 
into play in one of the higher animals during the perform- 
ance of a ^reflex ac- 


tion,* it only remains .. 

to consider the modes 

of connection exist- D \ ^ 

ing between the ^ ^ 

several cells of / 

sensory groups and ^ | I \ \ y 

of motor groups, | fWV \ 

together* with the \ \ / 

kinds of comrnunica- 

tion existing between Ij iJ^ I ^ \ l\ 

those two orders of j \ I V\ \ 
nerve units. ^ if A A ^ 

4. Between the ^ ^ 

contiguous cells of a n \f\ \ ^ 

motor and perhaps ^jj J ^ \c ^ 

also of a sensory if y \ 

group, union is 

brou^it about in * 

some cases by means 

, , I'lo. 14.-— Motor Nerve Cells connected by inter- 

01 a snort pimple collnlar iJroccHsus (o, b), and giving origin to outgo- 

intA-cdlular process, !"» ‘'"’"f 
such as we see repre- (Vogt.) 
sented in figs. 1 and ^ 

14. But whether this is the most frequent moans of union, 
or whether, « ^lie majority of cases, especially amongst 
sensory groups, it<s not rather by the inosculation of the 
rootlets of ramifying processes (with the possible interme- 


diation of the nSuroglia) wo cannot at present say. There 
is re^on to believe tfiat both modes of union may exist. 

5. The cells of a sensory group are united with the 
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cells of a motor group by one or c^her of these modes — 
though in regard to this point we have even less certain 
knowledge than concerning the last. Of the existence 
of such connecting or ^ commissural ’ fibres — which are 
either short or long according to the proximity or re- 
moteness of the two groups of 


cells — there can be no doubt. 
Uncertainty exists, however, with 
regard to the precise mode of their 
connection with the sensory nerve 
cells on the one side and the 
motor on the other — w^lether at 
either extremity they are continu- 
ous with undivided cell-processes, 
or break-up and ^inosculate with 

\\ 4 More room for doubt, therefore, 

Jl I -i exists in regard to the precise 
/f which stimulus waves 

li traverse nerve centres, than con- 
IJKy/ I terning the manner in which they 
impinge upon or depart there- 

6. In the ‘ symj^athetic ’ or vis- 
jm * ceral ganglia of the Frog and other 

animals another kind of relation 
/# between fibres and cells has been 

^ shown to exist (Lionel Beale). 

Fig. 15. --‘Sympathetic ’ Gan- The cells are peal>- Shaped *and tliG 

glioii-coll of a Fro^, very highly • g ^ 

magiiineri ; according to jieaio. uari’ow cxtremity of each of them 

neducod and adapteti from one of • i • n • x i • 1, 

hwfigirrcH. oa.Htniight fibre ; 5 5 , COUtinUcd intO a prOCCSS whicll 

wiled ftbi e ; c, smaller one ioining in tum beCOmeS ^OntinUOUS witll 

a dark-bordered fibre, whil^Mt one 

or, it may be, two or more smaller fibres seem to arise from 
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the surface substance the same extremity of the cell, 
whence, after twisting round it and the straight process 
several times, they pass away in different directions. 
Occasionally L. Beale has seen the spiral process con- 
tinuous with a dark-bordered fibre, though in such cases 
it is not certain whether the straight process is or is not 
continuous with a fibre of the same kind. J. Arnold has 
also described cells of this* type, and believes that the pro- 
cesses are in connection with the nucleus of the cell, an 
arrangement which has not been confirmed by other 
observers. The fig- 
ures given by Axel 
Key and Retzius 
agree closely with 
those of Beale. 

7. But in ^ the 
^ sympathetic ’ or 
visceral ganglia of 
man and other 
higher vertebrates it 
is most common to 
find many simple 
processes issuing 
from large an(^ very 
granular ganglion 
cells. Whether 
each is directly con- 
tinuous with a single 
nerve fiBre, a^Cb^ho 

fashion dia<’'’ranimi^ thptio'of Maii(MaxScliultze). Highly magiiifiod. a, 
^ , freed from capsule enclosed within nucleated cap- 

tlCally depicted in sulo. The processes of both broken off. 

fig. 2, or whether 

Bome^of the processes end d’fferently, has not as yet been 
sufficiently ascertained. These large multipolar ganglion 



Frrs. Id. Multipolar Ganglion-cells from ‘Syrnpa- 
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cells of the sympathetic, like tfibse last described, are 
enveloped by a fine membranous sheath dotted with many 
nuclei, and the sheath is continued for some distance 
along each of the nerve processes, in the form of a loose 
envelope. 

8. Lastly, unipolar nerve cells — that is, nerve cells 
situated at the end of a single nerve fibre — are alleged to 
exist in the ganglia on the spinal nerves and elsewhere. 
They have again recently been figured by Axel Key and 
Eetzius, though many modern observers have been very 
sceptical as to the existence of such bodies. J3eale, for 
instance, maintains that all nerve cells have at least two 
processes. Without attempting to explain their use or 
mode of action, it seems to the writer that such unipolar 
nerve cells certainly exist in some of the lower animals. 
Ho has himself seen and figured such bodies as they occur 
in Ascaris (Phil. Trans. 1866, PI. xxiv.) ; and in many 
other animals nerve units of the same kind have been 

c 

likewise recognized by compete/it observers. 

Many of the so called apolar nerve cells may, as 
G. H. Lowes suggests^in a recent work,* be nothing 
more than imperfectly developed ganglion cells, in which 
the processes, if not absent, are so abortive as to escape 
observation. All who have examined nerve qentres with the 
microscope know that multitudes of such bodies are to be 
found, though they are often very small — not much larger 
than mere nuclei — and therc&ro liable to be regarded us 
belonging to the neuroglia rather than to the nervous 
tissue proper. And if some^of the cells ai^il^mclei^usually 
assigned to the ‘neuroglia’ are, in rdiility, potential or 
embryo nerve .?ells, the importance of this intermediate 
tissue as a formative matrix in which ndw development^ 
may take place, all at once appear. * ^ 

* “ The Physical Basis of Miud,” 1877, p. 234. 
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Thus far concerning 'Aie simplest elements of a nervous 
mechanism. It should now be stated, however, that even 
when the Nervous System consists of a mere multiplication 
of the simplest combinations necessary for the excitement 
and execution of ^reflex actions/ the groups of these 
nervous arcs are almost always arranged in pairs, one on 
each side of the middle line of the body. The body of an 
animal is for the most part divisible by a median longi- 
tudinal plane into two symmetrical halves, and the integral 
parts of the nervous, system are, in the main, similarly 
double. In some lower organisms, such as certain Mollusks, 
AVorms, and Crustacea, these halves of the nervous system 
are distinctly separated from one another (ligs. 23, 82, 
34), though in A^ertchrate Animals they are always more or 
less fused into one axial ‘ cerebro-spinal ’ system (fig. 20). 



Fir;. 17 .— Ncvvuiis Systeui of i>nc of thcEolii.la; {Fiona aihintica). (Gegonbauor after 
R. Rcrf^li). S\iin-a-u;sophaj^oal sensory composed of two p;\ir.s of ganglia 

fused, the cercla-Jil in front and the br;i'|ehial belli. ul; each pair united by its own 
eommissuro. li, Great motor g.mglia, in oonnectiou with the sensory ganglia, and 
witli one {mother l)y the commissure Ihieeal ganglia. D, Gastro-tesophageiil 

ganglia, "and from the sensory tentiicles. c, Nerves from the genital 

organs, d, l’rinei]iai mot||i- nervc.-^ of tho*body. o', Commissure of the branchial 
ganglia. 

These lateraliialves of the nervous system are connected 
with one another byftieans of shorter or longer transverse 
fibre which, gathered into thick or thin bundles, are 

E 
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known as ‘ commissures.’ Such \ransverse commissures 
always unite similar ganglia, whether these are so close 
as to be more or less continuous, or distinctly separated 
from one another. Two or three illustrations will suffice 
to make these bilateral arrangements n\0Y% intelligible to 
the reader. 

In some of the Nudibranchiate Mollusks so common on 
the sea-shore, there is in front and on each side a large 
roundish though functionally compound ganglion receiving 
numerous ingoing nerves and connected with its fellow 
by means of a very thick and a thin commissure (fig. 17). 
The sensory ganglion is also connected on eact side by 
moans of a short commissure with its own motor ganglion, 
from which outgoing nerves proceed to the muscles, and 
the two motor ganglia are in their turn connected by a 
longer transverse commissure (fig. 17, e). 

Thus, in each half of tlic body of one of these ani- 
mals there is a complex aggregate of the mechanisms for 
reflex actions — represented by# ingoing fibres entering a 
sensory ganglion in connection with a motor ganglion, 
together with outgoing • fibres issuing from the latter. 
’Whilst in addition, the two lialves of the nervous system 
are united to one another by the above-mentioned trans- 
verse commissures. It is by virtue of thqf?e connections 
between the respective ganglia of the two sides that a 
properly co-ordinated activity of the whole body is rendered 
possible, in response to sensory stimuli. 

In other animals, such as the Grasshopper, whilst the 
bilateral symmetry of the nervous 8ystem|^(Sg. 18f is just 
as obvious, it is much more complex aftd more developed 
longitudinally. The sensory and motor ganglia are nume- 
rous and are arranged side by side in serial order, though 
many of t)iem ai . more completely fu^ed with one ac^ther 
and with those ol the opposite side than is the case with 
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mals we have a still farther concentration of the nervous 
system. In lower terms of the series, such as Fishes 
and Amphibia (fig. 56), this concentration is seen to the 
most marked extent in the chain of ganglia pertaining 
to the thorax and abdomen. In these animals and in 
all other vertebrates they are most completely fused into 



Fk;. ll'.— Transverse scetion Hjrouf'li TTtin 
fihnwinj^^ the nrr.in tol'C cniii]i(>sr<l of Iwo .symi 
The hl.u-k jiortions c n ; ij-pemd t«i nii^ioiis emit ' 
I»artions represent the ecnt.r.il (Ji sy flutter 
T), 6, euinmissnrcs connecting ^hc iynimetrir; 
11, anterior or motor roots of Hjiina] nerves, co 
of drey Matter, in which are imv. erous gro 
terior or sensory roots of «j)inal uerv'ss, eiitefin, 
Magnilied aijont eigiit dianieters. 


Sjn'jial Cord in cervical region, 
•ic.d halves. (SMpjtey after Stilling.) 
ng lungitud in| 1 lihres ; the lighter 
d the horizontal roots of nerves; 
halves of tlio grey jnattcr ; 11, 11, 
ig frf>m anterior Horns or Cornua 
IS of large ganglion cells; l.'h Jjos- 
tho posterior liorus of drey Matter. 


a more or less cylindrical column knoVn as the ‘ spinal 
cord.’ This cerd constitutes a double and fused scries 


of nerve centres in relation with the superffeial as well aF 
with the deeper t oructures of the grctflcr part of the hody, 
including all the great nerves of the limlis. 
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In higher ver- 
tebrates, such as 
Birds and Mam- 
mals, we have this 
same fusion of gan- 
glia in the spinal 
cord(lig. 19), whilst 
a similar process 
also displays it- 
self to a more 
marked extent in 
the braiii. In the 
liigher forms of 
this series, and 
above all in Man 
himself, the ^in- 
glia of the brain 
become more and 
more int('grated.* 
and some of these 
parts also take 
on an enormous 
dcvelopme: t. 

The Aveight of 
llic^ entire 13rain, 
as compared with 
that of the Siu'nal 
Cord, indeed, un- 
dergoeffe a great^n- 



crease in eacdi divi^ 

sioii of the vertebrates. In the Lamprey this relation is 
mid* to be as^OlS to 1 ; in the Newt as *65 to 1; in the 
Pig^n as 3*6 to f ; in th * Mouse as 4 to 1 ; Avhilst in 
* Marshall’s “ Outlines of Physiology,” vol. i. p. 40(3. 



54 THE STRUCTURE OF A NERVOUS SYSTEM. 


Man it is about 40 to 1. Thus, whilst the Cerebrum 
and the Cerebellum, which together constitute the Brain, 
is actually much lighter in the Lamprey than the Spinal 
Cord, these same parts in Man are found to attain com- 
paratively enormous dimensions, and greatly to exceed in 
weight the inferior, though highly important, spinal 
centres. 



CIIAPTEK III. 

THE USE AND NATURE OP SENSE ORGANS. 

Heat and light are physical influences to which even 
tlie lowest units of living matter respond, whether their 
mode of life and nutrition he most akin to that of Plants 
or to that of Animals. These influences act upon such 
organisms, either by stimulating, retarding, or otherwise 
modifying the diemical changes occurring in their interior, 
and upon the existence of which their Life depends. 

Where the vital processes of the organism are stimulated 
by those physical agencies,^ their incidence may, in many 
instances, become the cause of so-called ‘ spontaneous ’ 
movements. And some sort of foundation exists for this 
popular mode of expression. A movement which follows 
immediately upon some localized external stimulus is 
not said to be ‘ spontaneous : ’ the term is generally 
applied where^the cause of the movement is not distinctly 
recognizable. In some of these cases — as when we have 
to do with the influence of a diffused physical agent such 
as heat — an undetected or iinconsidercd external cause 
really exists, ^)jlich, by sSmulating the vital processes, 
gives rise to inovei^ients seemihgly spontaneous. Whilst iu 
other cases, movements apparently spontaneous are to 
be referred to internal states or changes, that is to impres- 
sions emanating from some the internal organs which, 
after^passing through one or more ganglia, are trans- 
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mitted along outgoing nerves to some of the organs of 
locomotion. 

Heat often acts upon organisms upon all sides alike ; 
consequently, though it may stimulate their life-processes 
generally and, in some instances, give rise to movements 
—the latter are not determined in one more than in an- 
other direction. It is well known to stimulate the ‘ to- 
and-fro ’ or the gyratory movcnucnits of Bacteria, and otluir 
of the lowest organisms ; and whilst it also renders more 
striking and ra])id tliose changes of form Avhich all Anne- 
hoid Organisms are apt to display, tlie movements evoked 
are similarly random and devoid of purpose. ' 

It is not altogether similar with the inlluence of Light. 
This agent almost always, and of necessity, falls more on 
one side of an organism. (Consequently it often suiVices 
to induce movements of the lower forms of life in definite 
directions, just as it causes similar resj^onsivo movements 
to be executed by the parts of any higher iilants Avhich may 
come fully under its inlluence. ^ In each case tho move- 
ment, or altered position, is due to some nutritive change — 
that is, to some altoraljoii, whatever its nature, in the 
activity of the life-processes taking place in the part 
impressed by the light. So that, whether we have to do 
with the movement of a Sunllowcr or with the loco- 
motions of minute living units, the ess(?iitial mode of 
production of the movement is probably similar. 

Of such locomotions of minute living organisms under 
the inlluence of light many instances might be cited ; it 
will suffice, how'ever, to m(#ition the |^ict thalT green 
Zocispores, which may haVc been itniformly diffused 
through tlic water, are very apt, wffien the vessel containing 
them is placed near a window^ to collect on tho surface of 
the water at the rart where most liglfh falls, and the same 
would hold goo<l also for many Medusae. Minute a^iimal 
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organisms arc, however, often affected quite differently by 
this agent. They may move away from rather than 
towards its source, and to this extent may be said to 
‘ seek ’ tlie shade rather than the glare of sunlight. 

The operation of such influences and their results, 
form the beginnings or substrata, as it were, of other 
phenomena with which wo are now more particularly 
concerned. The unilateral influence of Light and tlio 
movements to or from its source to which it gives rise, 
afford a couiuMding link between diffused causes like 
Heat, wdiicli operate generally and produce purely random 
motions,^ and those more localized influences now to be 
considered, by wdiich, and the intermediation of a more 
and more complex Nervous System, the various definite 
or responsive movements of organisms have been gradually 
evoked and potentially organized. 

Touch. — The first to be considered — because it is the 
simplest — of these localizcid influences, is a shock on me- 
chanical impact of some kind falling upon the external 
surface of the organism. This i£>thc primordial and most 
general of all the modes by which the surface of an 
organism is impressible. Its sensitivity to such stimuli 
is — both in the stage of impression and in that of 
reaction — cloudy akin to the general, organic irritability of 
protoplasm, which unquestionably constitutes its starting 
point. These modes of iiijpression and reaction are the 
first links towards the establishment of a correspondence 
betwecti the on^aiiism anePthe most common events or 
properties of tho tnedium in which it lives and moves. 
It is, consequently, the kind of impressibility most exten- 
sively called iiAo play in all the lower forms of animal 
life. • 

Afthough the whole or the greater part of the suj-face of 
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an organism, in one of the simple animals to which we 
are referring, may be more or less impressible to shocks or 
impacts from contact with surroiincling bodies, it often 
happens that such impressions more frequently hill upon, 
and are more readily received by, certain appendages 
situated at the anterior extremity of the animal, in close 
proximity to the mouth. These specialized parts, or 
‘ tactile appendages’, are known as papilhe, sehe, tentacles, 
antenna), or palpi, according to the forms which they 
assume in dilTereiit animals. 

Why such organs should be developed so frequently at 
the anterior extremity of the animal, and in the neigh- 
bourhood of the mouth rather than on other parts of the 
body, is not diflicult to explain. Whatever tlie mode by 
wiiich they are called into being (and the most opposite 
views are entertained upon this subject), iff seems obvious 
that, if organs of this nature are to be present at all, 
they should bo found in situations where they may bo 
put to most use. In an animal accustomed to active 
locomotions, the mouth is, with only a very few excep- 
tions, situated on the pji^t of the body which is habitu- 
ally directed forward. And of the diverse objects coming 
into contact with it, some are of a nature to serve as food, 
and some are not. A high degree of impressibility natu- 
rally becomes developed, therefore, in this situation, 
where the parts are exercised so largely with impressions 
connected with the discrimination and capture of food. 
These organs arc, in fact, not unfrequently both tactile 
and prehensile — this combim^on being pore especially 
met with in sedentary formS of life, li^e the Hydra, the 
Sea-anemone, or some of the tentaculated Worms. 

Taste. — But it often happens that tke solid bodies 
serving as lood are more or less readity soluble, so that in 
animal organisms comparatively low in the scale of^com- 
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plexity, some of the tactile structures within or around 
the mouth may undergo a further specialization, by which 
they and their related nerve centres become fitted to dis- 
criminate between impressions of a slightly different 
nature. Such ^ organs of taste ’ would become sensitive 
to the more refined kind of contact yielded by certain 
dissolved elements of the food, whose local action is 
perhaps attended by some* slight chemical change in the 
tissues of the part. Impressions are thus produced 
whereby the ‘ sapidity ’ or flavour of bodies is appreciated ; 
and such impressions gradually become associated with 
definite related movements, partly of internal and partly of 
external organs. 

Although tliis mode of impressibility doubtless exists 
in many of the lower forms of life, still no distinct organ 
of Taste, or speJialized gustatory surface, is as yet actually 
known to occur among invertebrate animals, except in 
Insects and in such higher mollusca as Snails and Cuttle- 
fishes. , 

Impressions of the two orders already referred to — 
more or less distinct from one ^mother — are those by 
which alone multitudes of the lower forms of animal life, 
such as Polyps and various kinds of Worms, appear to 
hold converse with the outside world. Seeing, however, 
that tactile and* gustatory impressions^can only be made by 
actual contact of external bodies with the specialized parts 
of an organism, such impressions are not of a kind to 
excite movements in ‘ quest ' of food ; although they may 
lead to* correlal^d motioiii? of parts adjacent to those 
touched, as in the acts of prehension and swallowing. 

Sight. — ^IMovements in a(*tual quest of food may, how- 
over, be excited 4n other animal organisms by impressions 
bringing them into telation vith more or less distant 
bodies^ The way is paved for this result when some 
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portion of the anterior and upper surface of the animal, 
in which aggregations of pigment occur, becomes moro 
than usually sensitive to light. A dark body passing in 
front of such a region, alters or gives rise to certain 
molecular changes therein, and these molecular changes 
(produced by large or small, near or remote, bodies) 
dillering among themselves, become capable of exciting 
dissimilar impressions which ‘the organism is gradually 
attuned to discriminate. The existence of such a power 
of discrimination in this, as in all other like cases, is 
indicated by the creature’s capability of responding to 
impressions of this order b}^ dclinitc muscular movements 
- — as when the Oyster, having the valves of its shell 
apart, instantly closes them as soon as a shadow falls upon 
certain pigment- specks, or so-called ‘ eyes^’ at the edge of 
its mantle,* 

This beginning of visual impressions truly enough shows 
itself as a very exalted appreciation of tactile rmpressions ; 
and, inasmuch as such an appreciation of the presence 
of near bodies would in so many instances be quickly 
followed by a more gross mechanical contact, the rudimen- 
tary visual impression is, as H. Spencer happily puts it, a 
kind of ‘‘ anticipatory touch.” From a simple beginning 
of this kind, in which bodies only slightly separated from 
the impressible foci excite certain general or only vaguely 
specialized impressions corresponding to light and shade, 
organs of Sight at once more, elaborate and more impres- 
sible gradually a])pear. To rudimentary aggregations of 
pigment, in some animals transparent lyedia arff added, 

• 

* Owen says (“ Comp. Anat. of the In vert. Animals,” p. 512) : — 
** Carlisle first sliowj'd that oysters were sonsible of light; haviiv; 
observed that they dosed their valves when The shadow of an 
approachir g boat vas thrown forwards so us to cover thenn before 
any undulation oi ihe water could have reached them,” ^ 
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serving to condense the light thereon ; and these media 
in still other organisms are sufficiently like a lens to 
be adequate to form a definite image of an external body 
on the layer of pigment, which (on its other side) is in 
contact with a nerve-expansion directly communicating 
with a contiguous ganglion. Numerous simple structures 
of this kind may exist apart from one another, as in many 
llivalve Mollusks ; or they’may bo far more numerous and 
closely aggregated, so as to form such compound-eyes as 
arc met with in Crustacea and in Insects. Or individual 
ocelli may be perfected, as in Spiders or lower Crustacea, 
and most notably of all among the Ciittlelisli tribe, in 
the representatives of which tw’o moveable eyes are met 
with whose organization is just as perfect as those of Fishes. 

The difference in degree and range of sensitiveness 
b(ffween the simple ‘ e^^e-specks ’ of some of the lower 
Worms, and the (daborate visual organs of the highest 
Mollusks and Insects is enormous. The range and keen- 
ness of sight also l)ecome»progressively extended, so that 
creatures with the more perfect eyes arc capable of 
apju’eciating impressions from objects more and more 
distant, and the various actions which become established 
in ]*esponsc to impressions habitually made upon such 
sensb^ve surfj|.ces also increase enormously in number, 
variety, and complexity. The relation between the keen- 
ness of the sense of sight and the great powers of loco- 
motion possessed by Insects^ has long been recognized by 
naturalists. Prof, Owen thus alludes to it: “The high 
degree in wdiicl5|the power of discerning distant objects is 
enjoyed by the flyifig ins(;cts corresponds with their great 
power of traversing space. The few exceptional cases of 
Wind insects afe all apterous, and often peculiar to the 
female sex, as in tRe Glow-worm, Cochineal-insect, and 
parasuic Stylops.** 
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As already pointed out, there are obvious reasons why 
the principal specialized Tactile Organs that may present 
themselves in lower animals, should be found in the 
neighbourhood of the mouth ; and, for similar reasons, if 
for no other, the anterior extremity of the body, or the 
upper surface near this anterior extremity, is the most 
advantageous site for Visual Organs. To an active animal, 
eyes would not only be more useful at the anterior 
extremity of the body than elsewhere, in relation to its 
food-taking movements, but also in reference to all 
other uses to which such organs may be applied during 
active locomotions from place to place. And to this 
situation of the eyes only two or three exceptions are met 
with among animals endowed with powers of locomotion : 
whilst the few cases of deviation arc mostly explicable by 
reference to some peculiarity in the habits and modes of 
life of the organisms in question. 

Smell. — In vision, as above stated, we have to do with 
a refinement of the sense of iouch, whereby the animal, 
becoming sensible of impressions produced by ‘ waves ’ of 
light emanating from a*distance, is brought into mediate 
contact with certain distant objects. But a sort of refine- 
ment of the organs of taste also occurs, whereby bodies 
possessing sapid and other qualities are jilso capable of 
impressing organisn&s still at a distance. Just as vision 
is, in its most elementary phases, a sort of anticipatory 
touch, so is smell a kind of ^anticipatory taste. Yet the 
two cases are not altogether similar. In vision, the 
contact — if it may be sp termed — v#th the * distant 
body is mediate, through the intervention of ethereal 
undulations ; whilst in smell we have to do with a case 
of immediate contact, not, of course, Vdth the distant 
body itself, but with extremely mmute particles 
it gives off. An ‘ emission * theory serves to 


^which 

explain 
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the diflfusion of odours, though it will not hold for tlio 
diftusion of light. 

From what I have said, it may be inferred that, as re- 
gards the delicacy of their respective physical causes, the 
sense of Smell occupies a strictly intermediate position 
between those of Taste and Sight. 

Although a rudimentary sense of Smell seems unques- 
tionably to be possessed by such aquatic forms of the 
invertebrata as Crustacea and the higher Mollusks, it is, 
perhaps, a sense-endowment which generally exists to a 
more developed and varied extent amongst air-breathing 
animals. But in whatever forms of life it may be met 
with, this sense-endowment seems to be always very 
largely related to the detection and caj^ture of food. In 
this direction i^ comes to the aid of the already existing 
senses of Sight, Touch, and Taste. It has, however, the 
peculiarity of being scarcely otherwise called into 
activity amongst invertebrate animals. 

Although we have so dittle positive knowledge con- 
cerning the situations of Organs of Smell in invertebrates, 
there is good reason for belicviAg that they will (when 
l^resent) always exist in close proximity to the mouth. 
It seems possible that in Crustacea they are to be found 
at tl^ base of J-he antoimules ; that in Cephalopods they are 
represented by two little fossae in tdic neighbourhood of 
the eyes ; and that in Insects a power of appreciating 
odours may be possessed either by the antennae them- 
selves, or by a pair of fos^ near their bases. Another 
cephalic organ ^llas also beeij referred to as possibly en- 
dowed with a powSr of being impressed by odours. Owen 
says r"** “ The application by the common house-fly of the 
sheath of its proboscis to particles of solid or liquid food 
befor^it imbibes them, is an action closely analogous to 
* “ Comp, Anat. of Invertebrate Animals,” p. 368. 
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the scenting of food by the nose in higher animals ; and, 
as it is by the odorous qualities, much more than by the 
form of the surface, that we judge of the fitness of sub- 
stances for food, it is more reasonable to conclude that, 
in this well-known action of our commonest insect, it is 
scenting, not feeling, the drop of milk or grain of sugar.” 

The part of the body bearing jtlio mouth and the various 
sensory organs already named, is familiar to all as the 
Miead * of the animal ; and it is owing to the fact of tlio 
clustering of sense-organs on this part that the head con- 
tains internally a nunil)er of related nerve ganglja. This 
aggregate mass of ganglia constitutes the ‘ llraiii ’ of 
invertebrate animals. It forms a congeries of nerve 
centres, dilfering much in ditVerent classes, as we shall 
find, not only in regard to the disposition^ and size, but 
also in respect to tlie relative proportions of its component 
parts. The size of the respective ganglia, indeed, neces- 
sarily varies in accordance with the relative importance 
and complexity of the several *sens(^ organs already men- 
tioned — those of Touch, Taste, Smell, and Sight. 

The ganglia thus constituting the Brain of invertebrato 
animals are not only in relation each with its own par- 
ticular sensory organs, but, in addition, we find the 
several ganglia brought into relation amorg themselves 
and with their fello\^s of the opposite side by means of 
connecting or commissural fibres. They are, moreover, 
often connected, by means of much longer commissural 
threads, with other nerve ganglia in different part^ of the 

body. f 

• 

Hearing, — Another special sense endowment remains to 
be referrc'd to. This has to do with the ofganism’s power 
of appreciating the vil)rations causing Auditory’ impressions 
* — a power which is. however, probably possessed in^nly a 
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low degree by most invertebrate animals. Even the most 
perfect form of the organ of hearing among these 
animals is but a very rudimentary structure. In this 
respect a great diifereiicc exists between the sense of 
Sight and that of Hearing. Whilst the eye of the 
Cuttle-fish attains a degree of elaboration not falling so 
very far short of the most perfect form which the organ 
displays among vertebrate •animals, the organ of hearing 
throughout the Iiivcrtebrata is remarkable ^for its sim- 
plicity, and remains in all of them notably inferior to the 
very higli type attained by this sensorial apparatus in 
many MaTnnials and in Man. 

Like the sense of Sight and the sense of Smell, that of 
Hearing, even in its simplest grades, serves to bring the 
organism into relation with more or less distant bodies. 
It is only necessary that these latter should be capable of 
transmitting sonorous vibrations through water or air to 
the auditory organs wliich become attuned to receive them. 

It seems just possible^^^ however, that the so-called 
* auditory saccules ' of the Iiivcrtebrata, may have more 
to do with the ‘ sense of Directiqp,’ or of the organism’s 
relations with space, than witli the sense of Hearing.* Ii\ 
Vertebrate Animals, it would appear, that both these 
functions are associated with the auditory apparatus, and 
it is by no nid&ns certain that the ‘ sense of Direction,’ or 
of thi* organism’s space-relations, may not be an endow- 
ment more primordial than that of Hearing. 

No auditory perception seems to be present at all — 
certainly none l;^s as yet bt%n detect«.:d or inferred to exist 
— in many of tlie^ lower forihs of life ; while in other 
animals, though possibly existing, its organs remain as yet 
unrecognized. »The latter condition obtains, for instance, 
with the majority of Crustacea, Spiders, and Insects. 

> * See p. 218. 
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Judging from the instances in which ^ auditory sac- 
cules ’ have been detected in Mollusks, and in some few 
representatives of the classes above named, it seems (and 
the information may be novel to many readers) that the 
endowment in question is not habitually, or even usually, 
found in the head, or in direct relation with one of the 
ganglia composing the brain of Invertebrates. In some 
Heteropida, and their allies, however, the ‘ saccules,’ what- 
ever n^ay be the function to which they are subservient, 
seem to be in immediate relation with the brain ganglia.* 
Further remarks on this subject must, however, be de- 
ferred until a brief description has been given* in future 
chapters, of the nature and distribution of the nervous 
system in some of the principal groups of the Invertebrata. 

The foregoing are the commonly receivexhmodes by which 
organisms are impressed from without, and by which they 
attune themselves to the conditions and actions occurring 
in their medium. It was recognized by Democritus and 
other ancient writers, that they are all of them derivatives, 
or more specialized modes of a primordial common sensi- 
bility, such as is possessed by the entire outer surface of 
the organism. Touch, taste, smell, vision, and probably 
hearing, are sense endowments, having their origin in 
organs formed by a gradual differentiation ^f certain por- 
tions of the external or surface layer of the body — that is, 
of the part in which common sensibility is most frequently 
called into play. And just as this common sensibility is a 
crude or general sense of touih, so are the several special 
senses to be regarded as more or less ^jignly refined modes 
of the same sense endowment. 

The distribution and arrangement of nerves in the 
various impressible surfaces have pertain characteristics 

* Siebold, “ Manuel d’Anat. Comp.,” p. 309, Note 
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which have been clearly pointed out by Herbert Spencer. 

At the surface of the body,” he says,* where the ex- 
tremities of nerve fibres are so placed as to be most easily 
disturbed, we generally find what may be called multipliers 
of disturbances. Sundry appliances, which appearing to 
have nothing in common, have the common function of 
concentrating, on the ends of nerves, the actions of ex- 
ternal agents.” This effect is produced by lenses in the 
eyes, otoliths and other bodies in the organs of hearing, 
vibrissa) and coiyi/scula tactus in the skin ; all of which 
serve to exaggerate the effects of incident forces upon 
especially sensitive peripheral expansions of the nervous 
system. The ultimate nerve fibrillse, ramifying where 
they are most exposed to disturbances, consist of nerve 
protoplasm, unprotected by medullary sheaths, and not 
even covered Tliy membranous sheaths. In fact they 
appear to consist of matter like that contained in nerve 
vesicles, .... and may be regarded as, like it, more 
ffustable than the matter e/)mposing the central fibres of 
the fully differentiated nerve tubes. . . . This peri- 
pheral expansion of the nerve on which visual images fall 
contains numerous small portions of the highly unstable 
nerve matter, ready to change, and ready to give out 
molecular motion in changing. It is thus, too [in higher 
animals], witli those terminal ramificij-tions of the auditory 
nerve on which sonorous vibrations are concentrated. 
And there is an analogous j)eculiarity in the immensely 
expanded extremity of the olfactory nerve. Here, over a 
large tftict cove^d by mucofts membrane, is a thick plexus 
of the grey unslUBathed fibres ; and among them are 
distributed both nerve vesicles and granular grey sub- 
stance, such a9 that out of which the vesicles arise in 
the nervous centres. 

“ Prindides of Psychology,” vol. i. p. 35. 
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The movements of locomotion, or of limited parts of 
the body, which become established in correspondence with 
various kinds of external impressions, tend with time to in- 
crease in number, definiteness, and complexity. They are, 
for the most part, to be classified as actions subservient to 
the pursuit and capture of prey, to the avoidance of enemies, 
to the union of the sexes, or to the care of young. 

All such movements are foliiid, as a general rule, to 
have the effect of prolonging the action of any influences 
which previous individual or race experiences have proved 
to be favourable to the life and well-being of the organism ; 
and, on the other hand, of cutting short or avoiding inJlu- 
ences which past individual or race experiences have 
proved to be contrary to its general well-being. The 
capture and swallowing of food are ends to wliich a very 
large proportion indeed of the definite mofions of most of 
the lower organisms are directed ; and this direction of 
their energies is only a spec^ial case to be included under 
the rule above indicated - just, as eftbrts to escape from 
predatory neighbours, are other opposite instances of the 
same rule. ^ 

Visceral Sensations and the 'Muscular Sense.^ — 
In addition to the various modes of im|)rcssibility by 
external influence which we have hitherto been considering, 
there are also certain other modes due to changes in the 
condition of internal parts of the organism. These are 
divisible into two categories : (1) impressions emanating 
from one or other of the viSfious sets ff viscera — such 
as the alimentary canal and its appendjfges, the respiratory 
organs, the genital organs, or other internal parts ; and 
(2) impressions derivable from, or in some way attendart 
upon, the contractions of muscles. 

The first categoiy of internal impressions — those ^emaii- 
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ating from the viscera — are undoubtedly very important 
in relation to animal life generally. In part, they have 
the effect of causing contractions of related muscular por- 
tions of the viscera — as when the presence and pressure 
of food in certain portions of the alimentary canal excites 
— it may be through local ganglia — contractions by which 
the food is propelled farther on. In part, however, they 
act upon the principal nerve ganglia — those constituting 
the brain — in such a way as to excite the external sense- 
organs with which they are connected to a higher order of 
activity. Visceral impressions of one kind may cause an 
animal more eagerly to pursue prey, whilst those of 
another sort may tend to an increased alacrity in dis- 
covering a mate. In these, and in many other instances, 
internal impressions, reaching the cerebral ganglia, would 
seem to excite a higher receptivity for certain kinds of 
external impressions and a corresponding increased readi- 
ness to respond on the part of the moving organs whose 
activity is related to su<ih conjoined impressions and 
promptings. 

With the second set of impressions, those of the so- 
called ‘ muscular sense,’ we have at present nothing to 
do. They differ altogether from others, whether of ex- 
ternal or of internal origin, by the fact that they follow or 
accompany movements whose intensity they are supposed 
to measure, and do not of themselves incite movements. 
Granting that such imprc|sions have a real existence, 
it is obvious we can know nothing about them among 
Invertebrate Animals, sine? they have only a subjective 
existence and do %iot of themselves alone lead to move- 
ments. Our only knovviedge of such impressions, as 
subjective stat(^, must be derived from our own sensations 
together with what (Jlher fellow-men are able to describe. 
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THE NERVOUS SYSTEM OF MOLLUSKS. 

For several reasons it will be advantageous to depart 
from tlic usual zoological order, and consider first the 
disposition of the nervous system in some of the principal 
types of the sub- kingdom Mollusc a. 

These are animals mostly aquatic and wholly devoid of 
hollow, articulated, locomotor appendages. Their organs 
of vegetative life attain a disproportionate development, 
as may be imagined from the fact that some of the 
simplest representatives of the class consist of mere 
motionless sacs or bagsr, containing organs of digestion, 
respiration, circulation, and generation. The most complex 
Mollusks, however, are active predatory creatures, endowed 
with remarkable and varied powers of locomotion, and with 
sense organs which are both keen and higllily developed. 
The sim2)ler forms are represented by the motionless 
Ascidian, and the higher byilm active and highly endowed 
Cuttle-lish. 

It should be mentioned, however, that{'the tendency of 
several recent investigations has beefc to separate tho 
class to which the Ascidians belong altogether from tho 
Mollusca, and to place them as an independent group, 
having aflinities to the lowest Vertebfates. 

The solitary Ascidians may be taken as the tjpe cf 
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the Tunicata. Thoir life of relation with the external 
world is of the simplest description. They are sta- 
tionary creatures, having even no prehensile organs — 
their food being brought to the commencement of the 
alimentary canal by ciliary action. 

In correspondence with such a simple mode of life, we 
might expect to find a very rudimentary 
nervous system, and this expectation is fully 
realized. The Tunicata possess a single 
small nervous ganglion lying between the 
bases of the two funnels through which 
water is tdken in and discharged (fig. 21, c). 

This ganglion receives branches from the 
tentacula guarding the orifice of the oral 
funnel, and possibly from the branchial 
chamber; whi fiit it gives oil' outgoing fila- 
ments to the various parts of the muscular 
sac, and perhaps to the alimentary canal rough lUagram- 
and some of the other internal organs. In noivouh sys- 
some of the solitary Tunicata a rudimentary 
visual function is presumed to • exist. At chial orifice ; b, 
all events, pigment-spots are situated on, or 
in very close relation with, the solitary 
ganglion. 

Tlie recent Investigations of Kupffer tend 
to show that this extremely simple nervous system, never- 
theless, represents a decide<^fy higher type of organization 
than had been previously supposed. Further details 
cannot* howeve^, here be g^en.* 

The Brachiopads are among the oldest and most wide- 
spread of the forms of life in the fossil state, and the 
geographical dfetribution of their living representatives at 

* ^ee Gegenbauer’s “Comp. Anatomy,’* English Translation, 

p. my 
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the present day is also very wide. Like the Tunicata, they 
are also headless organisms, and lead a sedentary existence, 
attached to rock or stone either by a pedicle or by one 
division of their bivalve shells. The mouth is unprovided 
with any appendages for grasping food — nutritive par- 
ticles being again brought to it by means of ciliary currents. 
Numerous muscles exist which connect the valves of the 
shell to one another, and with the enclosed animal. 

Though the visceral organization of the Brachiopods 
is somewhat complex, no definite Sense Organs have 
yet been detected in any of them. The nervous system of 
these sedentary animals, moreover, eomprises notliing an- 
swering to a ^ brain ’ as it is ordinarily constituted — though 
ganglia exist around the cesopliagus which must receive 
afferent impressions of some kind, and from which 
branches proceed to the various muscles* and viscera of 
the body. 

Such low sensory endowments would be wholly 
incompatible with that degree^ of visceral complexity of 
organization which the Brachiopods possess, had it not 
been for the fact that tl^ese animals lead a passive exist- 
ence in respect to quest of food. The absence of sense- 
organs and of a brain is, indeed, only compatible with 
such a semi-vegetative existence. 

The Lamellibranchs, or ordinary headless bivalve 
Mollusks, also include some representatives — such as the 
Oyster and its allies — which ^leaJ a sedentary life. The 
valves of the shell in Lamellibranchs generally are lateral, 
instead of being dorsal ani ventral amongst the 
curious lirachiopods above referred to. « 

The mouth of the Oyster is surrounded by four lahirl 
processes whose functions are not very definitely knowi: . 
It presents no other appendages §f any kind in the 
ueighbouihood of the mouth, and, as in the two tyj^es of 
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Mollusca already described, the food which it swallows is 
brought to the entrance of its oBSophagus by means of 
ciliary currents. It has two small anterior or ‘ labial ’ 
ganglia (fig. 22, a, a,) one being situated on each side of the 
mouth. They are connected by a commissure arching over 
it, and also by a more slender thread beneath the mouth. 
From this lower commissure, 
filaments (c) are given off to the 
stomach. The anterior ganglia 
receive nerves (/) from the labial 
processes which are probably for 
the most part {ifierent in function 
— at all events, these processes 
have no distinct muscular struc- 
ture. Two loiig parallel commis- 
sures {dj d) connect the anterior 
ganglia with a single large com- 
pound * branchial ’ ganglion (/>), 
situated posteriori}^ and olose to 
the great adductor muscle. It 
gives off branches to this muscle,* d, d, commia- 

aiu'es between labial and brancbisil 

to each half of the mantle, and gaugUa. 
to the gills (c, c). 

(.)ther in^we active Lamellibranchs possess a muscular 
appendage known as the ‘foot’, whick is in relation with an 
addftional single or double nervous ganglion (‘pedal’), and 
is used in various ways as a» organ of locomotion. Speak- 
ing of the diverse uses of^thc foot among bivalves, Prof. 
Owen ^ays :* • To some which rise to the surface of the 
water it acts, by •its exp>ansion, as a float; to others it 
serves by its bent fonn as an instrument to drag 
them along tic sands ; to a third family it is a 



Fio. 22. — Xervons System of an 
Oy.ster. Cf'odd after CJarner.) a, a, 
Anterior or labial ganglia ; 0, 
posterior or branchial ganglion 
(donble) ; /, labial nerves c, r, 


“ Lect. on Comp. Anat. c Invert. Animals,” p. 505. 
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burrowing organ ; to many it aids in the execution of 
short leaps.” 

The bivalves possessing a foot, therefore, present three 
pairs of ganglia instead of two — the anterior or ‘ labial 



Fk;. 23. — Nervous System the Common Mnssel. (After Owen.) I, Labial ganglia 
connected by a short commissure above or in front of the mouth ; b, b, brancliial 
ganglia similarly connected, and also uiiitetljby very long cords (d, d) with the labial 
ganglia ; j>> bilobed pedal ganglion sending branches to the muscular foot (r), and 
closely connected with the ‘ auditory sacfljdes ’ (s ) ; h, h\ circum-pallial jiloxus ; 
y, byssua, by which the animal attaches itseli to external suljftances. ^ 

4 

the posterior or ‘branchiar, and the inferior or ‘pedal’. 
It occasionally happens that the ganglia <Jf the posterior 
or even of the inferior pair may becoAe approximated and 
fused into one. t. 
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The fusion of the posterior ganglia takes place, as in the 
Oyster (fig. 22, 6), when the branchiai from which they 
receive nerves (c, c) come close together posteriorly. On 
the other hand, in those Mollusks in which the branchiie 
are farther apart, the two ganglia remain separate and are 
connected by a short commissure, as in the Common 
Mussel (fig. 23, h). 

The separateness or fusibn of the inferior or * pedal ’ gan- 
glia depends u 2 )on the size and shape of the foot, since 
the nerves in relation with them are distributed almost 
wholly to this organ and its retractor muscles. Where the 
foot is broad the ganglia remain separate, and are merely 
connected by a commissure. But where the foot is small 
and narrow, as in the Mussel, the two ganglia become 
fused into one (fig. 23, j^). 

Some of the special senses arc unquestionably repre- 
sented amongst these headless Mollusks, though the 
distribution of the diflerent organs is very peculiar. 
Thus in Pecten, Pinna, Ostrnca, and many 

other genera, very distinct and often j^edunculatcd ocelli are 
distributed over both margins of the ^ pallium * or mantle. 
These vary in number from forty to two hundred or 
more, and are in connection with distinct brandies of the 
circumpallial nerves. In the Razor-fish, Cockle, Venus, 
and other bivalves possessing jirolongations of the mantle 
kno'^J'n as ‘ si j)hon- tubes’, the ocelli are situated cither at 
the base or on the tips of Jbhe numerous small tentacles 
arranged round the orifices of these organs. And these 
parts, fti such ^valves as Rve in the sand, are often the 
only portions of tlfo body which appear above the surface. 
The margins of the maniJc are also garnished by a number 
of short thougfe, apparently, very sensitive tentacles, in 
which the creature’ s%iost specialized sense of touch seems 
to resWe. 
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Some of these tactile appendages, as well as some of 
the ocelli, send their nerves to the branchial ganglia, 
while others, situated on the anterior borders of the 
mantle, send hlaments to the labial ganglia. The latter 
also receive filaments from the so-called labial appen- 
dages, whose function is uncertain, though it has been 
suggested that they may be organs of taste or smell. 
Lastly, in close relation witii the pedal ganglia or 
ganglion, there are two minute saccules (fig. 28, s), to 
which an auditory function is usually ascribed. 

Thus we find amongst these headless Mollusks a distri- 
bution of specially impressible parts or seiisoi'y organs, 
such as cannot be paralleled among any other animals. 
The functions which we shall find pertaining to the 
‘brain’ in other creatures are in them distributed in a 
very remarkable manner — so that such Organisms may 
be said to be brainless as well as headless. 

The Pteropods constitute another interesting class of 
Mollusks, which lead us oi\ from the comparatively 
sluggish Lamellibranchs to the Gasteropods and the 
Cephalopods — organising which possess definite and wide- 
reaching powers of locomotion, as well as a distinct head 
carrying sense-organs and a more or less developed 
brain. 

The possession, by many members of th?s class, of two 
fin-like muscular expansions attached to the side of the 
head induced Cuvier to give them the above class name. 
According to Owen, “ All the species of Pteropoda are of 
small size ; they float in thf open sea^i often great 
distances from any shore, and serve, with the Acalepho), 
to people the remote tracts of the ocean. In the latitudes 
suitable to their well-being, the little Pter«poda swarm in 
incredible numbers, so as to discolour the surface of the 
sea for leagues ; and the Clio and the Limacimfi con- 
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stituto, in the northern seas, the principal article of food 
of the great whales.” 

Some of the least highly organized members of this 
class, such as the Hyallcidjc, possess a bivalve shell, and 
no distinct head ; but in other Pteropods devoid of a shell, 
we meet with a higher organization. Thus in Clio there 
is a distinct head bearing sensory a])pendages, in the form 
of two tentacula and two ‘eyes, and containing ^ a brain ’ 
within. The brain is represented by two connected ganglia 
above the msophagiis, which are in relation, by means of 
ingoing nerves, with tlie above mentioned sensory organs. 
In connection with another commissure uniting these two 
cerebral ganglia and which passes under the first part of the 
alimentary canal, are two ‘pedal’ and two ‘branchiar ganglia 
pretty close together. 1'hesc two pairs of ganglia exist 
separately in (?iio and its allies, though they are combined 
into one quadrate mass in llyalea. In Clio two ‘ auditory 
saccules ’ are in connection with the anterior sub-oosopha- 
goal ganglia — that is, with the pair which corresponds 
with the ‘pedal’ ganglia of the common bivalve Mollusks, 

• 

Gasteropods constitute a class of organisms which, m 
point of numbers, can only be compared with the still 
more numerously represented class of Insects. Their 
name is derived from the fact that t^iey crawl by moans of 
a lafge muscular expansion or ‘ foot’ stretched out beneath 
the viscera. The locomotion of members of this class 
may be said to be, in the main, dependent upon their own 
individhal eftb|^s, so tha^ in this respect, they differ 
widely from PtereJpods, wdiose movements from place to 
place are brought about chiefly by winds driving them 
along the surface of the water on which they float. 

Some GastoropodH are terrestrial, air-breathing animals, 
thou^ by far the greater number are aquatic and breathe 
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by means of gills. But being all of them, as Prof. Owen 
says, ‘‘ endowed with power to attain, subdue, and devour 
organic matter, dead and living,” we find their Nervous 
System not only better developed, more complex and con- 
centrated, but also in relation with more highly evolved 
organs of special sense and exploration. This system 
offers considerable variations in general arrangement, and 
as regards the relative positidns of its ganglia, though 
these modifications arc, to a great extent, referable to 
differences in the outward configuration of the body. 

The wide differences in external form which are to bo 
met with among Gastoropods may be well illustrated by 
comparing the Limpet or the Chiton with the Snail. 
Hero differences in habit are also marked, so that we 
almost necessarily meet with very notable variations in tho 
disposition of tlie principal parts of the nervous system. 

In the Limpet two small cerebral ganglia (fig. 24 a) 
exist, which arc widely separated from one another, and 
lie at the side of the oesophagus. Each 
receives a rather largo nerve from one of 
the te»tacles, and a smaller optic nerve. 
A commissure above the oesophagus con- 
nects these cerebral ganglia with one 
another, while each of them is also in 
relation by means of two descending 
Fi<;. 2 i. - Nervous commissurcs with a series of four con- 
SmM. "(iJrZZ- “ccted ganglia forming a transversely 
Garner.) a, Cerebral arranged row beneath the oesophagus. 
an(f peciki^gangib'! those ^tho two modfan ganglia (b) 
aTmu! correspond with the fledal, while the two 
Commissures ; g, external (c) correspond with the bran- 
ne^e. ganglia, though ^hey are hero 

separated from one^ another by an un- 
usually wide intrvrval. ^ 
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However small and undeveloped the duplex brain of 
the Limpet may be, this organ exists in an even more 
rudimentary state in its close ally, the Chiton, which is 
about the most simply organized of all the Gasteropods. 
It has neither tentacles nor eyes, and, 
as a consequence, no distinct supva- 
oesophageal ganglia are found (fig. 25). 

There is, in fact, nothing 'to which the 
term ‘ brain * can be appropriately ap- 
plied. 

If we turn, however, to the very 
active Shail, we find the nervous sys- 
tem existing in a much more deve- 
loped and concentrated form. There 
is a large ganglionic mass (fig. 26, 1) 
situated ovor^ the oesophagus, each 
half of which receives a considerable 
bundle of nerve-fibres (/) from the 
eye (b) of the same side, \yhich is situ- 
ated at the tip of the larger tentacle. 

It also receives another bunc^le of 
nerves (k) from the small tentacle on 
each side, which has in all probability cerebral ganglia, 
a tactile function. The ‘ auditory sac- 
cules ’ are he1*e in their exceptional position — that is in 
immediate relation with the posterior aspect of the ganglia 
constituting the brain, though in most other Gasteropods 
they are, as in bivalve Mollusks, found in connection with 
the pMal ganglia. Thert is one group, however — the 
Heteropoda — ;in vriiich the ‘‘auditory saccules’ seem to be 
always in direct relation with the cerebral ganglia, as in 
Carinaria and^Pterotrachea.* 



Fj(}. 25. — Nervous Sys- 
tem of Chiton mannomttis, 
(Giirnor.) D, Pluiryngea 
ganglion (loft) : b, podal 
ganglion (right) ; c, bran- 
chial ganglion ; i, upper 
jM.x'tioii of (esophageal i ing 
devoid of any distinct 


* See Fig. 187, p.^54, Gegenbauer’s “Comp. Anat.” (Engl. 
TranA) 
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Naturalists now generally admit that Snails and their 
allies are endowed with a rudimentary sense of smell, 
though hitherto they have been unable to locate the endow- 
ment in any particular organ or surface-region. 

The brain of the Snail is connected, by means of a thick 

cord or commissure on 



a a 


F/o. 2t}.— Head and Nervous System of 
the Common Garden Snail. (Uwen.)i I, Cere- 
bral ganglia receiving nerves from smalltir 

(а) and from larger tentacles bearing ocelli 

(б) ; m, Hub-eesophageal ganglionic mass, 
representing a pair of i)C(lal and a pair of 
branchial ganglia. Two of the tentacles are 
represented in dilTerent states of retraction. 


each side of the ceso- 
phagus, with a long and 
curved double ganglionic 
mass ( 7 / 1 ). This latter 
body, situated beneath the 
oesophagus, represents the 
pair of pedal and the pair 
of branchial ganglia of the 
bivalve Mollusks, Here 
nerves are ‘received from 
the integument and given 
off to the muscles of the 
^foot ; while they are also 
received and given off from 
the respiratory and other 
organs. 

The nervous system of 
one of the Nudibranch 
Mollusks hrfs been repre- 
sented in fig. 17. It is also 


highly developed and concentrated, whilst its sensory and 
motor ganglia are unusually distinct and separate from one 
another. A somewhat analogdtis arrangei^ent of the prin- 
cipal nerve centres exists in the CommoiitSlug (fig. 27), only 
here the motor ganglia of the two sides are fused together, 
as in the Snail, instead of being widely separated as in 
Eolis and its allies. They consequently occupy an inferior 
rather than a superior and lateral position in regf«rd to 
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the oosopbagus. The branchial ganglia are, moreover, 
fused with them, instead of with the cerebral as they are 
in Eolis. 

The nervous system in the ‘Cephalopods presents 
many peculiarities, which can, however, be only very 
briefly referred to here. Owing to 
an extreme amount of shortening 
of their commissures, the -principal 
ganglia are closely aggregated in tho 
head. The nervous system is, in- 
deed, more concentrated and com- 
plex than in other Mollusks, and the 
animals themselves are notable for 
the high degree of development of 
some of their sensory organs as 
well as for tlleir great powers of 
locomotion. 

The body of the Pearly Nautilus, 
contained within tho last clyimber of 
its coiled and loculated shell, is en- 
veloped by a muscular mantle opijn 
anteriorly, round tho head and its 
numerous sensory appendages. Ac- j io. 27.- Nervous system of 

cording to Owen,* ‘‘ the number of tho common sin^ (soiiy after 

4 . A 1 1 • 1 X’ 1 A A. Cerebral ganglia ; 

tentacles witn which tiie Pearly ^ b , bnmcinui ganglia and c. 
Nautilus is provided amounts to no 
Jess than ninety, of which ^thirty- 

eight may be termed digital, four ophthalmic, and forty- 
eight lubial.” ^ho eyes, ^lot so well developed as in 
the Cuttle-fish, ar® also in relation with smaller optic 
ganglia (fig. 28 , o o). Near them are two hollow bodies, 
regarded by Valenciennes as olfactory organs, tho nerves 
from which join th^ same ganglia. The situation and 

* “ Dfectures on Comp. Anat. and Physiol, of Invert.,” p. 581. 

a 
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relations of auditory organs in this animal have not been 
definitely settled. 

In regard to organs of taste and 
touch, Owen writes as follows, — 
The complex and well developed 
tongue of the Pearly Nautilus ex- 
hibits in the papilhe of its anterior 
lobes aYid in the soft ridges of its 
•root the requisite structure for the 
exercise of some degree of taste : 

. . . the sense of touch must be 
specially exercised by llie numer- 
ous cephalic tentacles, which, from 
their softness of texture, and 
especially their laminated inner 
surface, are to \>e regarded as 
organs of exploration not less than 
as organs of prehension.” The 
norvesiof these tentacles, must be 
both sensory and motor ; they are 
_iin connection with a large double 
ganglionic mass (b h) situated 
beneath the oesophagus but in 
front of the other sub-msophageal 
ganglion (c c), wlhch is thought 
by Owen to represent “the homo- 
logufs of both the branchial and 
pedal ganglions in the inferior 
Mollusca.” Thqp latter ^airs of 
ganglia are (Nearly combined in 
function, since the locomotions of 
the Nautilus, lik^the much more 
rapid locomftions of other Oepha- 
lopods, seem to be principally effected “in a sufcession 



FiCr. 28. — TSorvoiia System of 
IVarly Niiutilus. (Ciogtmbaour 
after (.)wi;n.) a a, Cerdnal gan- 
glia, constituting the brain ; o o, 
ojjtic ganglia in comniunication 
witli curebiMl gan,glia, wliieb are 
alsu connected witli a lower g.Xng- 
lionic mass(/> A), receiving nerves 
{t t') from the tentacles and other 
l>irts about the mouth, partly 
sensory and partly motor. The 
ceroln-al ganglia are in addition 
united to a i>osterior sub-fjcHo- 
pliageul mass (c r), su])posed to 
represent a luiir of i)edal and a 
j>air of branchial ganglia. m, 
INlotor nerves; <l d, branchial 
nerves and ganglia. 
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of jerks, occasioned by the reaction of the respiratory 
currents upon the surrounding water — these currents 



20.— Xorvmis Systen' of tlic Common Cuttle-Fish iSrpia oP'icinaJis). (Owen.) 
1, Double supra ftisi>i)biige;i.l dtvelopcd from ui)per eomiuissurc ; ciit 

surfaecs of tlio cartibi^oui s craiiii optic ffaufrlio ; 4 4, posteiior sub-ceso- 

phagcal j.(tmglia (aiiterior .>• l)-fesopliaKti|jl coimection with nerves of feet 

1 tentacTcs, G G, not%ec in thi -iew) ; 7 and s, gjiujdia in connection with the 
pharynx and mouth, conngeted l)y nerves*(/; G) with the cerebral lobes ; 13 13, jp'cat 
motor nerves, of the niantle and odjcr parts, with {d) their ganglia ; 14, c c, respiratory- 
nerves ; k' k', small tubercles in connection with optic ganglia. 

being produced^hy the expulsive contractions of a powerful 
nuisciilar funnel continuous with a portion of the mantle. 
In the Cuttle-fish one of the most striking character- 

G 2 
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istics of the principal nerve-centres is the fact of the exist- 
ence of a very large optic ganglion (fig. 29, 2 ) on each 
side, in connection with an extremely well-developed eye. 
Each optic lobe, according to Lockhart Clarke, is “as 
large as the rest of the cephalic ganglia on both sides 
taken together.’* From each of these lobes an optic 
peduncle passes inward to join a supra-ocsophageal gan- 
glionic mass, which bears oh its surface a large bilobed 
ganglion ( 1 ), thought by Clarko to be homologous with 
the cerebral lobes of fishes. It is connected, by means 
of two short cords, with a much smaller bilobed ganglion, 
known as the pharyngeal ( 7 ). This latter ganglion re- 
ceives nerves from what are presumed to be the organs of 
taste and smell, and gives off nerves to the tongue and 
powerful parrot-like jaws with which the ^creature is pro- 
vided. 

The supra-oesophageal mass is connected by cords, at 
the sides of the oesophagus, with a very large ganglion 
lying beneath it (4), which is partially divided into an 
anterior and a posterior division. The anterior division — 
regarded by Huxley as in part homologous with the pedal 
ganglia of lower Mollusks — is in relation by means of 
large nerves (e) with the feet and tentacles. A com- 
missure also unites it with the pharyngeal ganglion, so 
that the tentacles and arms are thus able to be brought 
into correlated action with the jaws. The posterior 
portion of the sub-cesophageal mass receives nerves from, 
and also gives off nerves (i4)^to, the branchiae and other 
viscera, as well as to the muscular mantl<#(i3, 13). * 

The ‘ auditory saccules * and their nerves are connected 
with this great braiichio-pallidl ganglion. These organs 
are lodged in the substance of the cartilagAous framework 
{p p>) investing the nerve-ganglia — a Structure which seems 
to answer to a rudimentary skull or cranium. ^ 
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The locomotions of Cuttle-fishes are largely brought 
about by contractions of the pallial chamber, though these 
same contractions of the pallium are also subservient, as 
in the Nautilus, to the respiratory function. 

The large share, therefore, which the branchio-pallial 
ganglia take in blunging about and regulating the move- 
ments of these animals, would seem in part to explain the 
connection of the ‘ auditory saccules ’ with them, since in 
the great majority of other Mollusks in which these 
organs are known to occur, they are found to be in primary 
relation with the principal motor centres. Whatever may 
be the full explanation of these remarkable relations, the 
fact remains that, even in the Cuttle-fish tribe, the super- 
ficial connections of the so-called ‘ auditory saccules,’ are 
still away from*the brain. 



CHAPTER V. 


THE NERVOUS SYSTEM OP VER:\IES. 

Nothing distinctly answering to a Brain is to bo found in 
some other of the lowest anijuals in which a nervous 
system exists. It is thus, for instance, with Star-lishes 
and the larger Nomatoid Entozoa. What most nearly 
resembles such an organ in Star-tislics, consists of a mere 
band of nerve fibres, surrounding the coiumeiicemont of 
the oesophagus, and containing a few iiorvc-cclls partly 
between its fibres and partly in groups slightly removed 
therefrom. The absence of any distinct ganglia in the 
neighbourhood of the mouth is*doubtless due, in the main, 
to tlie form of these animals, and their low type of organi- 
zation. Each arm of ray contains its own nervous 
syst(mi, so that the ring or band round the mouth seems 
to 1)0 little more than a commissure connecting such 
otherwise distinct parts of the common system. These 
Echinoderms are, however, here only incidentally re- 
ferred to. 

In the larger parasitic Nematoids the nervous system is 
more concentrated. The o^ophageal ring and imme- 
diately adjacent parts constitute almost fill that is as yet 
known of their nervous system, but^t contains, or is in 
relation with, a larger number of ganglion-cells than 
the similar part in Star-fishes. Thus, ii^addition to the 
cells intermixed with the fibres of thS ring itself, there are 
five or six groups adjacent to and in connection With it. 
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which receive fibres from certain largo papilhe surrounding 
the mouth. These papilhe would seem to be the principal 
sensory organs of the Ncmatokl. By means of the connect- 
ing nerve-fibres and ganglion-cells they are brought into 
relation with the nervous ring, and from this latter out- 
going fibres are, doubtless, given olf to the four great 
longitudinal muscular bands by which the movements of 
the organism arc elTected. The distribution of such motor 
nerve-fibres, however, has not been distinctly traced. 

The absence of ganglionic swellings on, or in connec- 
tion with, ^ the oesophageal ring of Nematoids is probably 
dependent upon the comparative simplicity and limited 
number of the impressions capable of being received 
through their cephalic papilhu. 

Among otli^r representatives of the sub - kingdom 
Vetuies, the nervous system varies a good deal in minor 
details, in accordance with the degree of organization, and 
with the diversity of the sensory and locomotor endow- 
ments of the several orgaftisms. The broad features of 
tlio nervous system, however, are comparatively similar 
in all — especially in the most typical representatives of 
this sub-kingdom, which contains so many aberrant types. 
Only a very few forms will bo hero referred to. 

The Nemei’teans, a class of marine worms, possess 
a very simple nervous system. They have soft, un- 
segmented, and highly contractile bodies, covered with 
cilia, but are otherwise wholly devoid of all external 
appendages. On the anterior extremity of the body, a little 
posterior to the! mouth, two, four, or more specks of pig- 
ment are met with®(fig. 30, e, e), which are conjectured to 
serve the purpose of rudimentary ocelli ; and whilst the 
animal is movifig from place to place this anterior part of 
its body doubtless a?ts also as its principal tactile surface. 
Nerve^ibres proceed from these regions, and converge so 
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as to form throe or four nerve-trunks on each side, which 
enter a comparatively large compound ganglionic mass 
(a, a) lying on the lateral aspects of the sheath of the 
proboscis. Each of these masses is pyriform in shape, and 

composed of a sensory and 
a motor ganglion fused into 
I connected with 

^ ^ ^ fellow by means of two 

/n\ ‘ li commissures, one of which 

ii/wA 6 7J^ passes over, and the other 

beneath, the proboscis. 

difficult to trace the 
1 Rhimate distribution of the 

I A/ I \ \ I i nerve-fibres in these crea- 

ij / I ! tures ; so 4.hat, although 

(// / I A \ " fibres can be followed nearly 

I / ■ up to the 2 RgiRcnt-spots, 

j) 1| '' none have been detected in 

1 1 \\ \ Immediate continuity there- 

' ‘ l\ ' with. The inferior com- 

(Trf, ■,neian<«-cpka,a.) a. cn.- missure (c) bctwcGn tho two 

pound lateral gHnylla ; 6, narrow upper ganglioilic maSSCS is shoi’ter 
jonniiissuro between which and the much i j i • i j \ ±\ 

thicker inferior coininissuro,r, the (wsopha- mUCll thicker than tll0 

KU8 pas.ses ; d, d, the great lateral nerve upper. The twO great latC- 

c(^rd.s ; e, €, pigment spots, or rudimentary ^ ^ ^ 

ocelli. (After McIntosh.) ral nerve-truuks {d, d) start 


M'!' 


Fi< ; so. — Head and Brain of a Noix ertoan. 
{Tctruiiicmina melonocephala.) «, c, Coni- 
peund lateral ganglia ; h, narrow upper 
jonnuissuro between which and the much 
thicker inferior coininissuro, r, the (esopha- 
gus passes ; d, d, tho great lateral nerve 
e(^rds ; c, €, pigment spots, or rudimentary 
ocelli. (After McIntosh.) 


from tho ganglia, and, pro- 
ceeding along the sides of the body, give off numerous 
branches to the longitudinal ard circular muscles between 
which they are situated. * ^ 

Tactile and possibly gustatory impressions, together 
with impressions produced by light or darkness, doubtless 
come from the anterior extremity of the organism to the 
anterior part of the pyriform ganglia on either side ; and 
are thence rellected from the posterior parts of these^odies 
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along related channels in the great efferent bundles, the 
fibres of which proceed to the contractile proboscis and 
also to the muscles on one or both sides of the body. 
Other departments of the nervous system may exist in 
these animals, though as yet none have been detected. 

In the common Medicinal Leech the nervous system is 
somewhat differently developed. The lateral ganglia of 
the NemertidaB are replaced by two small 
upper ganglia (fig. 31, a)^ connected by 
lateral commissures with a single lower 
ganglion ^(c) ; and, as a consequence of this 
coalescence of the two sub-ocsophageal gan- 
glia, we have, instead of the two lateral 
cords of the Nemertidae, a double ventral 
nervous cord traversing the whole length 
of the body. The two cords approximate so 
closely as to be almost fused into one, and 
they bear a series of ganglia — one for every 
three or four of the segmeAts into which the 
body of the animal is obscurely divided. 

The bilobed ganglion above the esopha- 
gus, which is mainly sensoiy, receives fibres 
from the tactile lips, together with ten dis- 


tinct filamen^ from as many pigment-spots 
or ocelM (6 6), situated round the margin of 
the upper lip. From this bilobed ganglion, 
corresponding with the brain proper of 
higher animals, a cord descends on each 
side of^ the esd|)hagus, and the two join the 
heart-shaped sub-oesophageal ganglion (c), 
from which efferent nerves are given off to 



Fio. 31.--Norvoiis Systeir]|j|Of the Medicinal Tjoech. (Owen.) a. Double supra- 
(fisophageal ganglion connected by nerves with \ 6, rudimentary ocelli ; c, the double 
infra-OQ^hageal ganglionic mans, which is continuous with the double ventral 
cord, healing distinct compound ganglia at intervals. 
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the muscles whose business it is to move its three saw- 
like jaws, as well as to the muscles of the oral sucker. 
This lower ganglion is in part analogous to the 'me- 
dulla oblongata ’ of vertebrate animals. It is continuous 
with the double ventral cord, on which twenty equidistant 
rhomboidal ganglia are developed. Each of these ganglia 
gives off two nerves on either side, whoso branches are 
distributed to the parietes and* the muscles of adjacent 
segments. 

In this animal a simple filament is also given off from 
the posterior part of the supra-cesoplnigeal ganglion, which 
is distributed along tlie dorsal aspect of tlie alimentary 
canal. It foreshadows an important system of libres in 
higher animals, corresponding partly with the pneiimo- 
gastric nerves, and partly with the ' sympaj^jictic system.* 
As it exists amongst the Invertebrates it is known as the 
' stomato-gastric system ’ of nerves. In other members 
of the invertebrate series it frequently takes origin from 
the commissures connecting tke upper and lower mso- 
phagoal ganglia, rather than from the upper ganglia them- 
selv(}S. In some of the worms, in which such an ar- 
rangement exists, the stomato-gastric system is also moro 
complicated. 

In the Earthworm the body is composed of a multitude 
of ring-like segments, provided with lateral seta) which 
the animal calls into play during its subterranean loco- 
motions. It possesses no distinct ocelli, and, having 
regard to its mode of life, tliis^s not surprising. 

The supra-ccsophageal ganglia, which to^jther represent 
the brain of the Earthworm, receive a n\3rve trunk on each 
side, composed of iibres coming from the tactile upper lip ; 
and, as no sensory libiinenrs of a different oftter are known 
to bo immediately coniected therewith, the functions of 
the brain in this animal must be comparatively simj^lo. 



Chap. V.] THE NERVOUS SYSTEM OF VERMES. 


91 


The lip is regarded as an organ of touch, but it is 
equally probable that it is capable of receiving more 
special impressions representing rudimentary tastes. The 
separation between these modes of sensibility in such low 
organisms is probably somewhat indefinite. 

The double ventral cord has a fibrous structure along 
its upper surface, whilst below there is 


an irregular stratum of ganglion cells. 
These cells are more abundant about 
the centre of each body-segment, so 
that their aggregation gives rise to a 
series of rudimentary ganglia in these 
situations. From every one of the 
ganglionic swellings two nerves arc 
given off on ei.ch side ; whilst a third 
pair issues from the cord itself, just 
anterior to the swelling, and is dis- 
tributed along the anterior boundaries 
of the segment. In Serpulh, one of the 
small tube-dwelling marine worms, the 
ventral ganglia are also very minute, 
and those of the two sides, together 
witli the ventral cords, lie some distance 
apart, and ar^ connected by a scries of 
commissures (fig. 32, h). In this dis- 
position of the great nervous cords we 



Fic. 32.— Nervous Sys- 
tem of Scrpula contovtu- 
plicala. ((icgenbauer, after 
Quatrefiigcs.) «, Supra-veso« 


have something intermediate between piingeai ganglia; b, su)> 

. ... • xr j < esophageal ganglia ;// one 

tlieir liberal position in tlioJ^jlpmeiteaiis, gangiionatca cords; 
and their contiguous mid- ventral posi- motorbuccainurves; <,tac- 

tion in the Leech and the Earthworm. 


As in the latter, so in Serpula, the afferent nerves entering 
the brain (^) seem tj be in the main tactile. 

The oesophageal ganglia in the Earthworm are, propor- 
tionately to the rest of the nervous system, much smaller 
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than in the Nemerteans ; and this is perhaps due in great 
part to the existence in it of the numerous segmental 
ganglia, — structures which arc absent in the above-men- 
tioned marine worms. The movements of the Nemer- 
tcans, like those of the Nematoids, are probably much 
more exclusively under the control of the ecsophageal 
ganglia than are those of the segmented Earthworm — in 
which endi of the body ganglia, doubtless, has much to do 
with bringing about the contraction of its contiguous 
muscles in the same segment. 

The Earthworm has a more complex visceral structure 
than is to be met with among the Nemerteans ; and it 
presfuats distinct evidences of a nervous interconnection 
between its internal organs and some of the principal 
nerve-centres. Lockhart Clarke has describe a complicated 
ganglionic network on each side of the oesophagus, start- 
ing from the lateral commissures and sending prolonga- 
tions to the intestine and other parts. By means of this 
principal visceral system of nerves, the internal organs are 
brought into relation with one another, and with the 
nervous system of animal life — that is, with those parts 
of it having to do more especially with the relation of the 
organism to its medium. 



CHAPTER YI. 

THE NERVOUS SYSTEM OF ARTHROPODS. 

The next sub-kingdom, Arthropoda, comprises the 
Myriapods, Crustacea, Spiders, and Insects. They are all 
characterized by the possession of hollow and jointed 
organs of locomotion provided with distinct muscles, 
instead of the mere lateral set® or bristles often met with 
amongst Verifies. The lowest types of these various 
classes possess a nervous system closely analogous to 
that of the various kinds of Worms ; but in the higher 
kinds of Crabs, Spiders, and Insects, we meet with a 
great increase in the complexity of animal organization, 
and this further complexity, as might have been expected, 
extends to the nervous system. 

Among Insects, for example, the respiratory organs 
assume a marvellous degree of elaboration, and the develop- 
ment o^ this ISystcm, together with a correlated organiza- 
tion of their nervous and muscular systems, contributes 
greatly to confer upon these denizens of the air those enor- 
mous powers of locomotion lor which tliey are remarkable. 
But the acute>^ess, discriiSinative power, and structural 
elaboration of sen^e-organs, ’is almost sure to be greatly 
increased in creatures endowed with such activity ; and, 
looking to th% constitution of the Brain as well as to 
the nature of the ‘ iitelligeiice ’ of these lower animals, it 
may easily be conceived that increased sensorial activity is 
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likely to be associated with greater brain development and 
with higher or more complex brain functions. 

Among the loAver Myriapods^ such as lulus and Geophi- 
lus, in which the limbs, though very numerous, are feeble 
and ill-developed, the nervous system exhibits only a 
slight advance over tlie forms which it presents among 
the higher Annelida. In lulus (fig. 83) the single 
abdominal cord shows almost no traces of ganglionic 
swellings, owing to the great number of the small nerves 
given off on each side, along its entire length, which are 
distributed to the hundreds of small segments entering 
into the composition of the body. 



Fio. 8:i. —Anterior part of the Nervous System of Tulus (Owen), a, a, Cerebral 
Ki’U'clia ; c, r, ojitie iierv(;s ; (/, d, antAmal nerves ; h, nerves of tlie pali)lc8.s 
luaiuiihles ; (j, o3so] )ha{fcal cords; e, /, stoTnato-gastrie nerves; h, motor nerves to 
the maxillu', proceetling from the part wlii#i correai)oud8 wUli the sub-^sophageal 
ganglia, here fused with i, i, the ventral cord. I 

C 

The brain {a, n), fjlongated transversely, is divided by a 
slight median furrow, and is continuous *with the short 
and thick optic ner/es (c, c). ^wo separate nerves 
are received Irom iLo antennae on each side (d, below 
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and in front of the optic nerves ; whilst nearer the middle 
line two other nerves on each side (h) are in relation 
with the palpless mandibles. The thick (esophageal 
cords (g) are continued from the posterior and inferior 
angles of the brain ; and, as they descend to enter the me- 
dullary or sub-(esop]mgeal ganglion at the commencement 
of the abdominal cord (i, i), they are united by a cross 
branch, as in many Crustacea (fig. BO). From this sub- 
cesophageal ganglion large nerves are given off on each 
side (h) to supply the maxilhn and other parts about the 
mouth. 

Tho'stomato-gastric nerves, which arise from the 
posterior part of the brain immediately, form a third 
slender ring (c) about the oesophagus, from the middle of 
the upper part of which the trunk of the stomato-gastric 
system (/) is continued a short way back upon the stomach, 
when it divides into two branches which bend abruptly 
backwards, and run parallel with each other along the 
dorso-lateral parts of thc\ wide and straight alimentary 
canal.’ ^ (Owen.) 

In the more powerful predatpry Myriapods, of which 
the common Centipede may be taken as a type, a distinct 
advance is met with. This carnivorous creature has a 
smaller number of better-developed limbs, and its nervous 
system^losei^^ resembles that found amongst tlie larvie or 
Caterpillars of higher Insects (fig. Bi)). The supi’a-iesopha- 
geal ganglia, or brain, receive nerves from the two pairs of 
antenna), and from the groups of ocelli on each side of the 
head. • They Ji^e conru!ctc(P by ccsophag(^al cords with a 
bilobed infra- ocsoj^^iiageal ganglion, which distributes nerves 
to the jaws and other p.arts about the mouth. This bilobed 
infra-oesophageal ganglion is the first and largest of a 
series of ventral gaaglia, numbering about twenty, which 
are c<^nected together by a double ventral cord. Every 
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ganglion sends olf lateral nerves to a pair of limbs. The 
stomato-gastric nerves are connected with the posterior 
part of the brain or with the oesopha- 
geal cords, and they distribute them- 
selves over the alimentary canal in 
the usual manner. 


Fia. 34. 


Fig. 35. 





Among ‘Crustacea great differ- 
ences are met with in the degree of 
concentration of the nervous system, 
the variations being, in the main, de- 
pendent upon differences of external 
form and in the arrangement of 
locomotor appendages, in the different 
representatives of the class. In some 
of the lower terms of tiie series, such 
as the Sandhopper and its allies, in 
which the body is elongated and com- 
posed of many almost similar seg- 
ments, the nervous system is not very 
dilSerent from that of many Worms. 
In the Sandhopper, indeed, the von- 
sandhorpCT cords and ganglia (fig. 34) of the 
two sides of the body are separate 
from one another as tliey are in Ser- 

sizc as other ganglia situated p^la (fig. 32), altliougli the ganglia 
on the separate ventral cords. ^ ^ ^ ^ ^ 

Fig. 85. -Nervous System are here,, fcwor in number and much 

of Cymothoa. (Grant.) Cere- dis^UCt. 

In slightly higher /forms eff Crus- 
tacea, however, tile two divisions of 
the originally double ventral cord 
always become fused together, whilst, 
at the same timft, the equality of the 
several ganglia diminishes. Thus,, in such forms^as the 



Fio. 34,— Nervous System 
of Common 
{Talitrus locusta). (Grant.) 
Showing separate cerebral 
ganglia, each ahont the same 


bral ganglia almost wholly 
absent from oesophageal 
ring. OSsophageal cords dis- 
tinct, and indting below i ito 
a single ventral cord, with 
compound gangli.a at inter 

Vflfls. 
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Lobster and the Crayfish, the ganglia of the thorax, which 
supply nerves to the limbs, are distinctly larger than those 
of the abdominal segments, though these are also of 
good size, since the tail-segments are actively called into 
play during locomotion. 

In the Prawn a further development and concentration 
of the nervous system is seen. The thoracic ganglia aro 
fused into a single elliptical mass, whilst 
those of the abdominal segments still re- 
main separate. 

But in the ordinary edible Crab (fig. 3G) 
and its allies, an even more remarkable 
concentration of the nervous systenn is met 
with. All the thoracic and all the abdo- 
minal ganglia a^’e here fused into one large 
perforated mass of nervous matter (c, c), 
situated near the middle of the ventral 
region of the body.^^’ From this largo 
and compound ganglionic mass nerves aro 
received from, and given off to, the limbs, 
to the abortive tail, and to other .^idjacent 
])arts. The brain (a) of the Crab is repre- 
sented by a rather small bilobed ganglion. 

It receives nerves from the pedunculated 
compourfd eyes, from tho two pairs of 
aiitennte, and from the palpi-bearing man- 
dibles. The posterior antemja) (or anten- 
miles, as they aro sometim^ termed) con- 
tain in^their bjsal joint a body which is 
supposed to repretibnt an olfactory organ, 
though others have regarded it (on very 
insufficient grc^inds) as an organ of hear- 
ing. This small bflobed brain is, indeed, thought by 
* A l^ge artery i^asses through the aperture in this ganglion. 



Tir,. :{(>. Xorvoi^s 
SysloMi of ;i Crab 
{l-’aliiiurnsvaltifiris). 
(I, I'^iscd ccreV.>r:il 
ganglia receiving 
optie, tactile, and 
olfactory (?) nerves ; 
/>, h, long (jesophageal 
eca’ds ; c, c, great 
ventral ganglionic 
mass. (MiliiC-Ed- 
wards.) 
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many naturalists really to embody three pairs of ganji^Iia, 
in relation with three pairs of sensory organs, viz., eyes, 
tactile antenmc, and the supposed olfactory antcnnules. 

The brain is connected, by means of a long cord on 
each side (h, h) of the oesophagus, with the anterior ex- 
tremity of the great ventral ganglion. Nerves in relation 
with the organs of mastication join the cords about mid- 
way between the brain and the great abdominal ganglion, 
and small ganglia are to be found in this situation. Just 
behind tlaise small ganglia a transverse commissure con- 
nects the cords with one another. Tlie unusual length of 
thfi (esophageal cords is one of the most notalxle* charactcr- 
isti'^s of the nervous system of the higher Crustacea, and 
this seems due in part to the fact that the sub-(i}sophageal 
ganglia remain separate instead of uniting with one 
anotluir, as they do in lig. 18. 

The ^ stomato-gastric ^ system of Crustacea is very 
similar to that which exists in Centipedes. One part of it 
is given olT from the oesophageal cord on each side, while 
another median branch proceeds from the posterior part of 
tlu.‘ united cephalic ganglia, as in lulus (tig. B8, /). Where 
Mie main nerve lies on the upper surface of the stomach, 
in the higher Crustacea, it is connected with one or 
two ganglia from which branches pass to the walls of this 
organ. They send filaments also to the 1'ight and left, 
into the liver. This principal visceral nerve is brought 
into communication Avith Jhe above-mentioned nerves, 
going to the organs of mastication, by means of two 
filaments Avhich join the ganglionic 5 t>v’ellings* on the 
cosophageal cord at the part whence tlley issue. 

Among Arachnida forms of the nerv6^us system exist 
Avhicli agree in man y' respects witK those belonging to 
members of the diss last described — especially) where 
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there are general similarities in the external configuration 
of the body. Thus in Scorpions the arrangement of 
the nervous system is not very dissimilar from that met 
with in the Prawn and its allies. The thoracic ganglia 
have coalesced with one another and with the anterior 
abdominal ganglia ; thereby forming a large stellate ner- 
vous mass which supplies the limbs and the anterior part of 
the abdomen. The ventral cord throughout the remainder 
of the abdomen, and its caudal prolongation, is marked at 
intervals by a series of small ganglionic swellings. 

In Spiders proper, the nervous system attains its maxi- 
mum amount of concentration. The bilobed brain (fig. 37, c) 
receives nerves on each side (o), corresponding in number 
with the ocelli which the animal may happen to possess. 



Fin. 37.— Head and Nervous System of a (Owen after 

c, Cerebral ganglia (sirjp view), receiving (o) optic nerves, an<l (m) nerves (sensory and 
motor) from ific powerful mandibles, vi'. The cerebral ganglia are connected ])y 
very short c»;sophagoal cord.s with a Largo stcllato ventral ganglion (.?), from which 
fivo largo nerve.s issue on each aide (p, /, 0; mouth; 03.sophagus ; U, stomach. 

•» 

It also receives two large nerves (m), which probably con- 
tain out^ing astvell as ingoing fibres, from the so-called 
mandibles {ni). « 

Giving to the suctorial habits of these fierce and 
predatory creatures, the oesophagus is very narrow ; and 
as a consequence, the® oesophageal cords are very short, so 
that th(* brain is — unlike the arrangement which obtains 

H 2 
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in the common Crab and its allies (fig. 36) — quite close 
to the great stellate systemic ganglion (.s*), into which 
are fused the representatives of the sub-oosophageal, the 
thoracic, and the abdominal ganglia. 

From this ganglion (fig. 38, i) 



five principal nerves are sent off 
on each side, the first to the 
peditbrm maxillary palpi ; the 
second to the more pediform 
labial palpi, which are usually 
longer than the rest of the legs, 
and used by many Spiders rather 
as instruments of exploration 
than of locomotion ; the three 
posterior nerve^ supply the re- 
maining legs, which answer to 
the thoracic legs of hexapod 
Insects.” (Owen.) 

Since the sub - oesophageal 
ganglia are in part analogous, 
as already stated, with the ‘ me- 
dulla oblongata’ of vertebrate 
animals, their fusion with the 
thoracic ganglia in Araclmida, 
as well as in Myriapoda, tends, 
in a measure, to confirm the 


cdioldh v). (<JcgcubiiiJcr, aftf r 
lil.UHrliiiril.) a, (Joi'ubrul , ,, 

groat ventral ganglion, oon iiicat- 

ing with five large nerves <»n each 
hide ; 0, eyes ; palj)! ; feet ; 

tail-like prulungation 


view held by some anatomists, 
thj^ it is better to regard tlio 
\ medulla’ as ft prolongation of 
the spinal tord, than as an in- 


tegral part of the brain. Ti e 
artificial lino, that is, which for convenience is drav, i 


between the lirain a id the cord in t ertebrates, should 1 o 
placed at the upper rather than the lower or posterior 
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boundary of the ‘ medulla,’ so that the latter part may 
be regarded as the more higbly developed portion of the 
sj)inal cord by which fusion with the brain is effected. 

The visceral nerves are well developed in tlie higher 
Arachnida. They consist of one or two filaments, on 
which a ganglion may exist, in connection with the posterior 
part of the brain, and thence proceeding to the stomach 
and other internal organs. ' There are, moreover, two or 
three branches given off from the great ventral ganglion 
which, after passing tlirough smaller ganglia, distribute 
numerous filaments to the intestines, the respiratory 
and genital organs, as well as other viscera. The former 
set may be in the main afferent, and the latter perhaps 
principally efferent visceral nerves. 

Organs of vision are much more elaborate in Crustacea, 
Spiders and Insects, than among Worms or Centipedes. 
And, whilst organs of touch and taste are further perfected, 
two sensory endowments, found among higher Mol- 
lusks, seem also to manifest themselves. These higher Ar- 
thropods are capable of being impressed by, and of discri- 
minating, the diftcrent odours of soipe substances anterior 
to their contact with the mouth. This power must mate- 
rially aid them in their ‘ search ’for or recognition of food. 
Some Arthropods seem to be also capable of appreciating 
those vibrationjf of the medium they inhabit which induce 
impressions recognizable by us as sounds or noises. Still, 
in some of the most higbly .organized forms of Insects 
a sense of hearing appears t^ have no existence. Much 
uncertaiifty, in fij^t, exists in regard to this sense-endow- 
ment.^ Extreme i^nsibility of the tactile order may 
cause the organism to display an apparent sensitiveness 
to sounds. A (telicate general ability to appreciate aerial 
vibrations, therefore, !nust not be confounded with the 
% ^ See pp. 65 and 205. 
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more special auditory perception. On the other hand, 
it is quite possible that sounds not appreciable by our 


Fio. 39. 



Fio. 40. 



Fig. 41. 




Fio. :;9.— Ncrvoii.s System of full-grown Catcrinllar of Trivet llawk-Motli {Sphhu 
ijaalvi), about two clays previous lo its^tliaiigc to the chrysalis state. 

Fio. 40. -Nervous Systoiu of the Privet Hawk-Moth thirty clays after changing t'' 
the chrysalis slate. The abdominal cord^aro now seen to bo much shortened, and 
bearing five instead of seven g;ingli;i. H 

Fio. n. -Nervous System of the p'erfccit Insect. ^\, Greatly enlarged cerebral, 
and L. optic ganglia. The iminci-aLs refer to the numbers of the ganglia, o, o, o, o, 
respiratory nerves, ‘ nern transversL’ (Solly after Newport.) 

organization may be perceptible the sensory organs 
and centres of some of the lower organisms. 

Additional sensory endowments like Smell and^earing 
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would, of course, be of importance to any organisms, but 
more especially to those possessing active powers of loco- 
motion, They would serve, on the one hand, to assist in 
bringing their possessors into relation with food, or with 
sexual mates, and, on the other, to warn them of the 
approach of enemies. 


The nervous system of Insects varies not only among 
difterent classes and orders, but even in the same indivi- 
dual in different stages of its development. The cater- 
pillar of a Moth (fig. 39) or ISutterfly presents a nervous 
system not very different from that met with in the 


Centipede; while in the imago 
or perfected Insect, the same 
system has uinjergone some re- 
markable changes — there is, for 
instance, an increased size of 
the cerebral ganglia, and also a 
notable development of some of 
the ganglia pertaining to the 
ventral cord, while concentra- 
tion or even suppi-ession of 
others is met with. 

Ill such insects as Butter- 
flies, Bees, ]5ragon-flies, and 
others where the visual organs 
are enormously developed, avd 
in which the power of vigoi^us 
and sustained fftght is corres- 
pondingly increased* the nervous 
system as a whole attains its 



Fkj. 42.— Brain and Adjacent I'ai ts 
of Nervous System of a rather 
slugg^ish, apterous Beetle, Tiviarcha. 
tcnvbricom. (Ne^vport.) A, Brain re- 
ceiving the antennal nerves, and alH(» 
B, the optic nerves ; c, origin of the 
syn pathetic from and near the eom- 
nicj cement of the (est)phageal cords ; 
n, the suh-cesophageal ganglia ; b, the 
or visceral nerve before reach- 
ing its ganglion ; c, lateral visceral 
nerves. 


maximum of development among the Arthropoda. Tho 
brain of these creatifres diflers from that existing in all 


other numbers of the class by reason of the great develop- 
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ment of those portions of it in relation with the visual 
organs, as may be seen by fig. 45, representing the nervous 
system of the Common Fly, and by lig. 42, representing 
the brain of a Beetle. A ganglionic swelling is fre- 
quently found where the optic nerve joins the brain, and 
in some Insects there arc also small ganglionic swellings 
at the corresponding parts of the antennal nerves. 

It is in Ants, Bees, and Flies, however, tliat the brain 
of Insects seems to attain its greatest development. Speak- 
ing of the brain of the J31ow-liy, B. T. J^owne says*; — 
“ Next to bees and ants that of the blow-fly is the largest 
known in any insect proportionally to its si/e, being about 
thirty times larger tlian the cej)halic ganglia of the larger 
beetles.” The same writer adds ; — “ But a more positive 
indication of a higher type of organization^. than even the 
relative bulk of the sensory ganglia is found in tlie fact 
that two very remarkable convoluted nerve centres, con- 
nected by a commissure, each about 1-BOth of an inch in 
diameter, surmount the cephalic ganglion, and are con- 
nected to it by a pair of distinct j^t^duncles ; t these are 
extremely like the pedvnculated convoluted nerve centres 
which occupy the same position in bees and ants, first 
described by M. Felix Dujardin (“ Ann.des Sc. Nat.” (Ser. 
hi.), t. xiv. p. 195), and considered by him as analogous to 
the cerebral lobes of the higher animals, ^hat naturalist 
failed to distinguish these organs in the fly, probably 
owing to their being imbedded in the substance of the 
cephalic ganglion.” In the J^ee, according to Dujardin, 
these peculiar bodies are attached to thef sensory' ganglia 
by a single peduncle, and their unit^?d bulk is said by 
him to equal ^th of the 'whole brain. Further details 
concerning these interesting structures arc^much needed. 

The double cereliral ganglion is® connected in nearly 
* “ Anat. of the Blov -fly,” p. 14. f Loc. eit., PI. vii.<<ig. 4. 
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all Insects with a separate suh-eesopliageal ganglion, from 
which nerves are given off to the mandibles, the maxillje, 
and the labium. But, as in Spiders, the cEsophageal ring is 
olteii very narrow, owing to the greatly diminished size of 
tlie tnsophagus in the imago forms of higher Insects. In 
Spiders and Myriapods, as before stated, the sub-oeso- 

Fi(?. 43. 44. Fiu, 45 



/ 

F'k;. 43. Nervous System of h White Ant (7’erwr.O. (Ofj^-cnl )aner after Lespts.) 
Fi(i. 44.— 4kcrvuu.s System of a Water IJectlc ( sr «.•?). (Ge»,a'nlianor.) 


Fio. 45.-— Nervous Systcrji of a Fly (Miiaca). (Oej'enl):ifici- after Jtlaiurhard.) o, 
Fyes , gg, snpra-(BS()i)ha{^eal ganglia (brain) ; gi, sub-«*sophageal ganglion ; gr, g^, g^ 
fiisoil ganglia of the thorax. 

% 

phageaf gangliAi has no separate existence apart from 
tlie thoracic ganglilt. 

In many Insects the three thoracic ganglia preserve 
a separate exfttence (fig. 43), though in others of the 
higher types above •referred to these ganglia are more 
frequently fused into a single loLed mass (fig. 45). The 
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eight abdominal ganglia, which are always much smaller 
than the thoracic, also continue to have a separate exist- 
ence among some of the less developed tj^j^es of Insects 
(fig. 43) though it is more frequent for some, or even all, 
of them to disappear (figs. 44, 45). 

The ‘ stomato-gastric ' system of nerves attains a con- 
siderable degree of complexity in these animals. In front 
there is a median ganglion (fig.*42) lying below and often 
anterior to tlic brain. 'J'his oral ganglion is a swelling 
situated on the great median (aflerent) visceral nerve, at 
the spot where it bifurcates in order to proceed to eacli 
half of the brain. It receives branches from the mouth 
and adjacent i)arts. The main nerve, or else the ganglion, 
is also connected with other branches (c), proceeding from 
one or two pairs of lateral ganglia situated close to the 
oesophageal cords, and often in structural relation with 
them. This visceral system of nerves receives branches 
from the stomach, the intestines, and other internal 
organs. * 

In Insects, moreover, we meet with another semi- 
independent set of visceyal n(?rves, coniK'ctcd with a chain 
of minute ganglia lying upon the great ventral ganglionated 
cord, and united thereto by means of minute nerve fila- 
ments. The nerves (fig. 41, o, o, o) in connection with this 
chain of minute ganglia are received from ahd distributed 
to the all-pervading respiratory organs (air tubes) of the 
Insect. They are known to j^natomists, on account of the 
disposition of their main branches, as ‘ nervi transversi,* 
and are much more highly developed bj these toimals 
than are anything corresponding to them amongst other 
Ai’thropods. 



CHAPTER VII. 

DATA CONCERNING THE BRAIN DERIVED FROM THE STUDY 
OF THE NERVOUS SYSTEM OF INVERTEBRATES. 

This survey of some of the principal varieties of the 
Nervous System among the luvertehrata, brief though it 
has been, should have sufficed to call attention to many 
important facts and to show the warrant for certain related 
inferences, many of which are embodied in tho following 
propositions : 

1. Sedentary animals, ^ though they may possess a 
Nervous System, are often headless, and they then have 
no distinct morphological section pf this system answering 
to what is known as a Brain. 

2. Where a Brain exists, it is invariably a double 
organ. Its two halves may be separated from one 
another ; thrfiigh at other times they are fused into what 
appear# to bo a single mass. 

8. The component or elementary parts of the Brain 
in these lower animals are Ganglia in connection with 
nerves •proceeding from special impressible parts or Sense 
Organs ; and it is4hrough tlie intervention of these united 
Sensory Ganglia that the animars actions are brought into 
harmony with«its environment or medium. 

4. That the Seimory Ganglia, which in the aggregate 
constitute tho Brain of invertebrate animsils, are connected 
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with one another on the same side and also with tlicir 
fellows on opposite sides of the body. They arc related 
to one another eitlicr by what appears to he continuous 
growth or by means of ‘ commissures.’ 

5. The size of the Brain as a whole, or of its several 
parts, is therefore always fairly jwoport ion ate to the develop- 
ment of the animal’s special Sense Organs. The more 
any one of these impressible sfirfaces or organs becomes 
elaborated and attuned to take part in discriminating 
between varied external impressions, the greater will bo 
the proportionate size of the ganglionic mass concerned. 

(). Of ihe several sense-organs and Sensory Ganglia 
whose activity lies at tlio root of the Instinctive and 
Intelligent lib} (such as it is) of Invertebrate Animals, 
some are much more important than others. Two of 
them especially arc notable for their greater proportional 
development ; viz., those concerned with Touch and 
Vision. The organs of the former sense arc, however, 
soon outstripped in importance by the latter. The visual 
sense, and its related nerve-ganglia, attain an altogether 
exceptional development^ in the higher Insects and in the 
highest Mollusks. 

7. The sense of Taste and that of Smell seem, as a 
rule, to he developed to a much lower extent. In the 
great majority of Invertebrate Animals it is oven difficult to 
point to distinct organs or impressible surfaces as certainly 
devoted to the reception of cither of such impressions. 
Nevertheless, as we shall subseauently find, there is reason 
to b(dieve that in some Insects the semso ot* Smell ffe mar- 
vellously keen, and so much called into«jL)lay as to make it 
for such creatures quite the dominant sense endowment. 
It is pretty acute al.o in some Crustacea. • 

8. The sense of Hearing seems to bd developed to a very 
slight extent. Orgai s supposed to represent it hav# been 
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discovered, principally in Mollusks and in a few Insects. 
It is, however, of no small interest to find that where these 
organs exist, the nerves issuing from them are most fre- 
quently not in direct relation with the Brain, but imme- 
diately connected with one of the principal motor nerve- 
centres of the body. It is conjectured that these so-called 
‘ auditory saccules * may, in reality, have more to do with 
what Cyon terms the sense of Space than with that of 
Hearing (p. 218). The nature of the organs met with 
supports this view, and their close relations with the motor 
ganglia also become a trille more explicable in accord- 
ance with such a notion. 

9. Thus the associated ganglia representing the double 
Brain are, in animals possessing a head, the centres in 
wliich all impressions from sense-organs, save those last 
referred to, are directly received, and whence they are 
reflected on to different groups of muscles — the reflection 
occurring not at once but after the stimulus has passed 
through certain ‘ motor ’ giuiglia. It may be easily under- 
stood, therefore, that in all Invertebrate Animals perfection 
of sense-organs, size of brain, y,nd j^ower of executing 
manifold muscular movements, are variables intimately 
related to one another. 

10. But a fairly parallel correlation also becomes estab- 
lished between these various developments and that of the 
Internal Organs. An increasing visceral comjffoxity is 
gradually attained ; and thi^ carries with it the necessity 
for a farther develoi)men^ of nervous communications. 
The several iiAernal organs witli tludr varying states are 
gradually brought into more perfect relation with the 
principal nerve centres as well as with one another. 

11. These felations are brought about by important 
visceral nerves in Termes and Arthropods — those of the 
‘ Stonmto- Gastric System ’ — coi. veying their impressions 
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either direct to the posterior part of the Brain or to its 
peduncles. They thus contribute internal impressions 
which impinge upon the Brain side by side with those 
coming through external sense organs. 

12. This Visceral System of Nerves in invertebrate ani- 
mals has, when compared with tlie rest of the Nervous 
System, a greater proportional development than among 
vertebrate animals. Its importance among the former is 
not dwarfed, in fact, by that enormous development of tlie 
Ih-ain and Spinal Cord which gradually declares itself in 
the latter. 

13. Thus impr(\ssions emanating from the Viscera and 

stimulating the organism to movements of various kinds, 
whether in pursuit of food or of a mate, would seem to 
have a proportionally greater importance as constituting 
part of the ordinary mental life of Invertebrate Animals, 
The combination of such impressions with the sense- 
guided movements by which they are followed, in complex 
groups, will be found to afford a» basis for the development 
of many of the Instinctive Acts which animals so fre- 
quently display, , 
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TTTK Iir.AIN OF FISHKS AND OF AMPHIBIA. 

In all Veriobratcs the relation of the principal nervous 
f^anglia to the commcncomeiit of the alimentary canal is 
difforeut from that cxistinj^ amonpr the Invertohratos. 
We no longej find, as in the Mollusk, the Worm, or the 
Insect a riii" of nerve matter encircling the ccsophagus. 
The parts which in Fishks answer to the supra- and siib- 
CGSophagoal ganglia lie altogether above the oesophagus, 
and they are, moreover,-* directly continuous with one 
another, instead of being connected by long or short com- 
missures. ^ 

In Fishes, as well as in other Vertebrates, all the parts 
constituting the Brain, as well as the Medulla Oblongata, 
are enclosed within a- distinct ‘ skull’ or ‘ cranium,’ while 
within this tliey are again surrounded l)y two membranes 
— one of which, and the thicker of the two, lines the 
inner surface of the cranium ; while the other, which is 
delicate and transparent, mimediately en\felops the great 
nerve Centres. I The Spinal Cord, which is directly con- 
tinuous with the Medulla, is also lodged in a bony case 
known as the ‘ spinal canal’ ; and this is formed by the 
contiguous pdliterior arches of the several vertebr® com- 
posing the spine or tertelmil column. 

Am^ng the Invertebrata, it is the nervous system 
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of Insects and other Arthropods which aiDproaches most 
closely to that of Fishes, inasmuch as they possess a 
single or double ganglionated nervous cord running through 
the body, which is fairly comparable with the spinal cord. 
In Insects and tlieir allies, however, this cord is situated 
in the ventral region ; while the spinal cord of Yerte- 
bratciS lies above the alimentary canal in the dorsal region 
of the body. No such structure exists or is needed 
among Mollusks, because these organisms have no 
articulated locomotor appendages, and arc otherwise 
notably different in form and organization ; yet it is true 
that among the highest representatives of this latter 
class (viz., the C(^pluilopods), we get the first approach to 
the formation of a distinct brain case or ‘ cranium.’ 

All the nerve-centres situated within tlie^ cranium have 
been r(}garded as parts of the Brain in Vertebrates, whilst 
those lying beyond it, and within the spinal canal, con- 
stitute the Spinal Cord : the two together are sometimes 
S])oken of as tlie * Cerebro- Spinal Axis.’ 

But in addition to the Sensory Ganglia, and the Medulla 
Oblongata, there arc (pertain highly important supple- 
mentary parts entering into the com2K)sition of the Jlrain of 
the Fish. There is, for instance, a 2>tdr of bodies known 
as the Cerebral Lobes ; whilst further back, in connec- 
tion with the Medulla, we have another* new nervous 
ganglion, single, but having equal parts on each side of 
the middle line, which is jenowm as the Cerebellum. 
That representatives of these parts (seemingly superadded 
to the brain of Fishes and other Vertebtates) arfe really 
non-existent in the highest Mollusks afid Insects it would 
not be safe to atlirm ; especially as ganglia, which have 
been compared to Cerebral Lobes, exist in Sihe Cuttlefish, 
and even more distinctly in Ants, B#es and some Flies. 
On the other hand, both the Cerebral Lobes afcid the 
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Cerebellum tend to increase in size and become more 
and more complex as we pass from Fishes to Eeptiles, 
from Eeptiles to Birds, and from Birds to Mammals. 

The relative size of these parts, however, as Avell as of 
other divisions of the Brain, will be found to vary greatly 
in different kinds of Fishes. 



Pio. 46. — Brain and Cranial Nervea of tho Porch, aide view. (C!egpnba\ier, after 
Cuvier.) A, Cerebral lobe with olfactory ganglion in front ; li, optic lobe ; C, cere- 
bellum ; D, medulla oblongjita ; /, «)lfactory nerve coming from a, the nasal sac ; 
IT, optic nc|Kro cut across ; III, oculo-motor ; IV, troclilci: nerve : V, trigeminal ; 
VIT, .auditory ; VIII, vagus, with its ganglion ; k, later I branch of the \^agus ; 
I, upper twig of the s.amc ; m, dorsal branch of the trigera nua, which is joined by 
w, tho dorsal branch of tho vagus ; a, /3, f, three brauehes of tho trigeminus ; fie, 
facial nerve ; bronchial branches of tho vagus. 

• I 

The Spinal Core? of Fishes is more or less cylindrical in 
shape (fig. 47, h) and almost uniform in thickness through- 
out, except that? it tapers to a point posteriorly. It occurs 
only rarely that there^is, as in the Eay, a slight swelling 
in the region where the nerves from the great pectoral fins 
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are received, and sent forth. From the whole length of 
the spinal cord a scries of nerves is given off on each 
side, and each of them is connected therewith by an ante- 
rior (or motor) and a posterior (or sensory) 
root, the latter swelling into a more or 
less distinct ganglion just where its fibres 
begin to mingle with those of the anterior 
root. This mbde of connection of the 
spinal nerves with the spinal cord exists 
throughout the class of Fishes and also 
in all other Vertebrates. 

Anteriorly the cord is continuous with 
a slightly more swollen prolongation — the 
before-mentioned Medulla Oblongata 
(fig. 47 , b). Many very inj.portant nerves, 
to which reference will subsequently bo 
made, are attached to this part. 

Growing from the back of the anterior 
extremity of tke medulla is a semi-ovoid 
or tongue-like projection, which has been 
already ^referred to as the Cerebellum. 
Though single in appearance, it is really 
double and composed of two symmetrical 
halves. No distinct connection of nerves 
with this body can bo detected by the naked 

Fui. 47, -Brain of 
the Pike, a, Olfac- ^ 

tory ganglia; B, ce- Tlic Cerebellum exists in its simplest 
rcbrallobos ; c, optic o • -i* ^ i . . 

lobes; K.ccrcbeiivun; mi’m 111 the jjprasitic Cyclostomos, in the 

nX’di’. Surgeon, and also in Pofypterus ‘and Le- 
vtdingandijonctrat- pidosircn, wlicre it afipears merely as a 
ethmoid bone (Sol- Simple oruige or commissure, crossing the 
anierior and upper part (Jt the medulla. 
In most osseous Fi^es it is larger, and 
projects backwards over the medulla in the foitoa of a 
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smooth, convex, semi-ovoid, or tongue-liko body (fig. 49, cl). 
According to Professor Owen, the cerebellum is very small 
in the lazy Lump-fish, and extremely large in the active 
and warm-blooded Tunny.” It attains its highest develop- 
ment, however, in Sharks (fig. 48, c). In these most active 
and predaceous fishes the cerebellum not only covers much 
of the medulla, but advances forwards over the optic lobes, 
and the extent of its surface is further increased by the 
existence of numerous superficial folds or indentations. 

In front of the cerebellum arc two rounded ganglia known 

Fia. 48. Fus. 49. 

/ 


Fid. 48. Ur.iiTi df the Shark (rVirc/dovVi-.s*'), .side view. (Owen.) r, (.Vreliral liomi- 
•phero; o, optic lobe; o, ccrc])elluni with surface folds hn); h, olfactory ganglion, 
giving off (1) olfactory norvc.s; z, junction of olfac|;ory iwduncle with cerebral lobe ; 
X, Cnis cerebri ; ip, pineal Twdy ; /l, hypoaria ; 2*, pituitary body ; 2, optic nerve ; 
ocnlo-niotor nerve : t), trigeminus ; 7, auditory ; 8, vagus. 

Fid. 49. — Urain of Roach, a, Olfactory podunclea ; h, ccrohral lobes ; c, optic lobes ; 
d, c.erebollum ; e, medulla ; /. oj>tic nerves. (After Spurzheim.) 

as the Optic Lobes (fig. 49, c), which coiTcs-poud with 
the principal part of the Insect’s brain. The optic nerves 
are connected with their unde^ surface ; and they decussate 
(figs. 51, 57), so that the oii^ proceeding from the right eye 
passes t(5 the lef4 optic lobe, and that from the left eye to 
the right optic lobe.* This new kind of cross arrangement 
will, in a later chapter, be referred to in detail, since, with 
slight differences, it also exists in other Vertebrates, and, 
moreover, seems grrfflually to extend to other parts of 
the ner^us system. 

I 2 
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In many of the lower Fishes the eyes are very rudimen- 
tary. In the young Lamprey two pigment spots replace 
the single ‘ eye spot ’ of the Lancelot. In the genus 
Myxinc the eyes are represented by small bodies, which, 
though in connection with slender optic nerves, are 
covered over by muscle as well as by skin. The ocular 
muscles for moving the eyeball are absent in many Fishes ; 
this is the case even in the Gar-Pike, in which, though 


Fio. 50. Fia. 51. 



Fk;. 50.— Brain of Perch, upper surface. (Owen after Cuvier.) a, Cerebellum; 
optic lobes ; c, cerebral lobes ; <, olfactory ganglia ; y, medulla ; p, r, s, t, cra- 
nial nerves. 

Kio. 51. —Brain of Perch, under surface. (Owen after Cuvier.) a. Medulla ; e, 
hypoaria ; /, i)ituitary body ; w, optic nerves, decussating ; c, cerebral lobes ; i, olfac- 
tory ganglia ; jj, q, r, s, t, cranial nerves. 


small, the eyes are at the surface. In the great majority 
of Fishes, however, these ojrgans are large and attain a 
remarkable development. 

The optic lobes are usually the largest divisiois of the 
brain in osseous fishes, as in the Perch (fig. 50 ), and 
they are commonly united by one or more transverse com- 
missures. Each of them generally confains a distinct 
cavity or ‘ ventricle,’ and they often^ bear on their under 
surface two smaller ganglionic projections, kKOwn as 
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* hypoavia.’ These bodies are well developed in the 
Perch, and in the Cod (figs. 51, 57). Their use is un- 
known, and it is remarkable that they are structures 
peculiar to the brain of Fishes. 

In connection with the optic lobes there are also two 
peculiar structures, one above and the other below, known 
as the ‘ Pineal ’ and ‘ Pituitary ' Bodies (figs. 53, 3 ; 60, 3, c ). 

In front of the optic lobes are the already men- 

Fio. 52. Fig. 53. 

Fio. 52.— Brain of Carp. (Fcrrier.) a, Cerebral lobes ; b, optic lobes ; c, ccrebel- 
Ivmi .and medulla. 

Fig. .53.— Upper aspect of the Brain of a Kay, or Skate (liaht batis). 1, Olfactory 
lobe.s; 2, the conjoined cerebral lobes; 3, the pineal gl.and ; 4, optic lobes; 5, cere- 
bellum ; G, medulla, with ganglionic iDrojections. (Alivart.) 

# 

tioned Cerebral Lobes. They, like the cerebellum, have 
no obvious connection with dicrves, and vary much in 
size in different Fishes, tlio^h they arc mostly, as in the 
Carp (fig. 52) alld the Perch (fig. 50), smaller than the 
optic lobes. * 

The Cerebral Lobes are smallest in the Lamprey and 
its allies, in the Herring, and in tlie Cod ; while they are 
most developed in the Skate, the Shark, Polypterus, 
and Lejidosiren. In the Skate (fig. 53), they coalesce 
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into a somewhat flattened, transversely elongated mass, 
showing only slight indications of a median fissure. In 
the Shark (fig. 48) they also unite to form a large almost 
globular mass with little trace of a median furrow. A 
similar fusion of the two lobes occurs in some other Fishes, 
though in the majority they exist as spheroids united only 
by a transverse commissure. In Lepidosiren the cerebral 
hemispheres are larger than all the rest of the brain ; 
each of them also contains a cavity or ventricle, which is 


Fi(j. 64. 



I*ia. 54. — Brain of Lcpirlostcus 
cerebral lobes ; o, optic lobo.s ; c 
lower lx)undary of medulla. 

Fio. 55.--Braiii of the Whiting. (Solly.) 
c, (iptio lobes ; e, cerebellum and medulla. 


Fig. uu. 



(Owen.) n, Olfactory ganglia ; p, 
medulla ; /, fourth ventricle ; d, 

A, Olfactory ganglia ; u, cerebral lobes ; 


or Gar-Piko. 
cerebellum; /t. 


piolonged into the olfactory lobe. In these respects they 
closely agree with the cerebral lobes of Reptiles. 

In the Gar-Pike (fig. 54), the Perch, the Mackerel, and 
many other Fishes, two additional gangEa kno\^ as the 
Olfactory Lobes lie immediately in ^ront of the cerebral 
lobes, and each of them receives a long olfactory nerve. ^ 

n* has a single olfactory |ac and a single nerve ; in 

all other fishes, except, in the Lamprey and its allies, there are two 
nerves (see Haxley, “ .fourn. of Linn. Soc.” (ZooL), vol. lAi. p. 224). 
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But in such Fishes as the Whiting (fig. 66), the Carp 
(fig. 52), the Skate (fig. 53), the Shark (fig. 48), and 
others, the olfactory ganglia are situated at a distance from 
the cerebral lobes, with which they are connected only by 
means of two long and narrow outgrowths or peduncles. 
In these latter Fish the ganglia are to be found close to 
the olfactory organs, from^ which they receive numerous 
short nerves. 

Such are the essential parts in the brain of the Fish. 
Their relative size or development is, however, subject to 
almost countless diversities in different genera. 

From the foregoing description, it will be seen that 
one of the principal characteristics of the Brain of Fishes 
is to be found in the serial arrangement of its parts, in a 
line with one another and with the spinal cord ; whilst 
another is the small mass of the Brain as compared with 
that of the Spinal Cord, and still more in comparison 
with the mass and weight of the entire body. 

In the former respect, at least, the lirain of Amphibia 
(fig. 50) agrees closely with that of Fishes. The principal 



0 

Pio. 56. — Brain anil Spinal Cord of tho Frog a, Olfactory IoIhjh ; b, cerebral lobes; 
R, pineal body ; c and n, optic lobes ; e, cerebellum ; h, »ijiiial cord. 


divisions of tho brain also ii# these animals are identically 
the same. Th^ Brain of the Frog is notable principally 
for the smaller size of its Cerebellum, and also for the 
diminished bulk of its Optic Lobes and Olfactory Ganglia. 
Tho Cerebral Globes, are, therefore, proportionately large. 
The Spinal Cord is shorter than usual, and does not 
occupy file whole length of the ‘ spinal canal.’ 
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Though the Cerebellum itself does not appear to be 
immediately connected with any nerves, the Medulla 
Oblongata, from which this part is an outgrowth, is 
remarkable in Fishes, as well as in other vertebrates, for 
the number and importance of the nerves with which it is 
connected. Indeed, if the limits of the Medulla are 
taken to be tliose originally defined by Willis and most 
anatomists anterior to Haller (1762), they will include the 
' crura cerebri ’ ; and in that case all the Cranial Nerves 
(that is, the nerves which pass inwards or outwards 
through holes in the cranium), except the olfactory and 
the optic, would have to be described as in direct con- 
nection with the medulla oblongata. 

The Cranial Nerves of Fishes and of Amphibia are, 
with few exceptions, similar in number and iiature to those 
existing throughout the vertebrate series, so that they may 
ivith advantage be here enumerated. According to the 
classification of Willis (16G4), wliich is generally followed, 
they are said to consist of nine* pairs, counting from before 
backwards. (See figs. 46, 57, 58.) 


/" 1st Pair. 
2 11(1 „ 
3rd „ 




4th 


O 


5th 


6th „ 


Olfiiciory, 

Optic. 

Motor ocnli communis ; supplying all but two of 
the muscles of the eyeball and the circular 
fibres of the iris. 


Troclilearis ; supplying the superior oblique muscle 
of the eye. • 

TLargf root : the nerve of general sen- 
sibility for tire side of the head, 
. . face, &c. ® 

^ Small root: supplying muscles con- 
I nected with thf. jaw (muscles of 

V masticatjpn). 

Motor oculi €xtemu,8 ; supplying the external 
re.'tus muscle of the eyeball, * 
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7th 


5 \8lh 


o 


Oth 


.Auditory. 

Facial; supplying the superficial muscles of the 
face, &c. 

^GlosRo-jiharyugcal (gustatory nerve and nerve of 
common sensibility for the pharynx). 

Vagus, or Pucumogaslric (sensory nerve of respi- 
ratory organs, heart, alimentary canal, liver, 
kidneys, &c. 

Spinal accessory; supplying the muscles of the 
larynx, &c. 

Siddingual, or Hypoglossal; motor nerve of tongue 
and of muscles which move it. 


From this table it will be seen that three of the ‘ pairs * 
of cranial nerves (fltli, 7th, and 8tli) are compound in their 
nature. Thci^ parts have, moreover, little in common, 
except for the fact that the components of each so-called 
‘ pair ’ in man and many of the lower animals pass side by 
side through the same hole in the skull. This, indeed, 
seems to have been the principal reason actuating the 
earlier anatomists when they grouped them together.* 
No cranial nerves answering to •the 9th pair exist in 
Fishes : their functions being discharged by branches 
from the first spinal nerve. The motor root of the 8th, 
the ^ spinal accessory,' is also less distinct as a separate 
nerve ki Fishes and some Reptiles, than it is in higher 
vertebrates. 

Looked at from the point ®f view of the functions which 

* Except in case of the two divisions of the 5th nerve, this 
grouping was not rSsioected in the classification of Soemmering 
(1778). According to him, the cranial nerves were to be regarded as 
twelve pairs, tl># first six agreeing with those of Willis, whilst the 
facial is called the 7th,^thc auditory the 8th, the glosso-pharyngeal 
the 9th, the vagus the 10th, the spinal accessory the 11th, and the 
subling^ial the 12 th. 
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they subserve, these Cranial Nerves fall into the following 
groups : 


I. Nerves of 
Special Sense, 

II. Nerves of 
General Sensibilitij, 


III. Motor Nerves, 


' Olfactory. 

. Optic. 

Auditory. 

' Gustatory. 

' Large root of 5th. 

Part of Glosso-pharyngeal. 

Vagus (the visceral nerve). 

/ Motores oculi (3rd, 4th, and 6th 
pairs). 

Small root of 5th. 

Facial nerve. 

Spinal accessory. 

Sublingual or Hyj)oglossal. 


Taking the larger view held by Willis and others, as to 
the limits of the Medulla Oblongata, and including under 
this name all those parts of the Brain, 
with the exception of the cerebellum, 
posterior to the optic lobes, wo find 
the several jJairs of true cranial nerves 
(from 3rd to 9th inclusive) attached to it 
on each side, and for the most part in 
the order of their numeration (the 3rd 
issuing from it close to the optic lobes, 
and the 9th close to the junction of the 
medulla with the spinal cord), with the 
reservation that in Fishes the nerves of 
the 8th pair are the last which pertain 
to the medulla. 

The ‘ sensory ’ nervelattached to the 
Medulla, are, like tliose of the spinal 
cord marked by ganglionic swellings 
near or at the points of attachment of 
such nerves (p. 44), * 

Thus the roots of t'le Vagus or Pncumogastric int large 



Fu;. 57. — Brain of the 
Cod, under surfaijo. 
(Owen.) p, Cerebral loboH ; 
o, optic lobes ; n, hypo:v- 
ria ; p, pituitary body ; 
a, anterior pyramids ; 
2, optic nerves, crossing’ ; 
8, oculo-inotor ; 5, trige- 
irinus ; 0, external ocu- 
lar ; 7 , auditory ; 8, vagus 
and glosso-pharyngeal. 
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number of fishes become swollen into distinct ganglia at 
their point of junction with the Medulla, and in some — • 
such as the Carp, the Torpedo, the Electric Eel, and the 
Skate — these lateral ganglia, situated at the side of the 
cerebellum, are exceptionally large. The Glosso-pharyn- 
geal is in reality only a largo separate branch of the 
vagus. In some fishes it joins one of the roots of the 
vagus ; and, even where this external junction does not 
exist, an internal union is effected by the smaller nerve 
entering the nucleus of the larger one. 

A little anterior to the ganglia of the Vagi, large 
swellings are also frequently met with in connection with 
the roots of the Trigeminal nerves (fig. 10), which in 
fishes are mostly very large, and have an extensive dis- 
tribution evei^ beyond the region of the head. The 
remaining sensory nerves of the medulla — the Auditory — 
are attached to it by two or three roots, between the vagi 
and the 5th nerves. These nerves are large, though it 
is only rarely that a distinct ganglionic swelling is found 
at their point of junction with the medulla (fig, 11). The 
ganglia are usually embedded in *the Medulla itself, and 
some of its roots soon join another largo ganglion : 
viz., the Cerebellum. This apparent connection of the 
auditory nerves with the great motor ganglion in Verte- 
brates, jvhatever its explanation may be, is quite in har- 
mony with the close relation of the ‘ auditory saccules * 
and nerves to the pedal ganglia in Mollusks, and with 
their relation to the most^active motorial centres of the 
ventral *cord in those Insects (such as Locusts and Grass- 
hoppers) in which ftie so-called ‘ auditory saccules * have 
been positively detected.* 

* The Organs of Hearing in Fishes are always double, as in 
invertebrate animals. \’hey are, moreover, situated within the 
body, aitd mostly have no connection with its surface. Sometimes 
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The ganglia at the roots of the Olfactory and Optic 
nerves arc suifieiently obvious and remarkable, so that 
no further reference need here be made to them, except 
to point out that they, together with the ganglia at the 
roots of the Trigeminus and Vagus, undergo a propor- 
tionate diminution in size as the Cerebral Lobes become 
better developed, among l{ej)tilcs and Birds* — changes 
which seem to imply that functions previously discharged 
l)y lower sensory ganglia are gradually passed on and 
merged as products of a higher order of cerebral activity, 
when such higher co-ordinating centres arise and come 
into fuller action. 

The ganglia at the roots of the Auditory nerves, how- 
ever, do not seem to attain their maximum size till we 
come to lieptiles, a fact which may bo ac^jounted for by 
tlie probably rudimentary state of this sense endowment 
among Fishes. 

It will be found, tliereforc, to be a peculiarity of all 
Sensory Nerves in vertebrate animals that their fibres pass 
through such Ganglia before they impinge upon the great 
nerve centres — a fact •^originally noticed by Sir Charles 
Bell. No corresponding ganglia exist in connection with 
motor nerves, outside the anterior cornua of the spinal cord. 

they are lodged outside the cranial cavity, sometimes in the walls 
of the cranium, and sometimes half within and half outside this 
cavity. Their structure is extremely simple, and in some fishes 
they are only a very little more complex than the ‘auditory 
saccules* met with in the Cul^c-fish. In. the faeji that in 
Fishes, as in other vertebrates, the auditory organs are always 
situated in the head, we have a departure froA the rule so commonly 
obtaining among Invertebrates. Perhaps, in its simplest forms, 
this apparatus may Lave as much to do with the organism’s Space 
relations as with Hearing (see p. 218). ^ 



CHAPTER IX. 

THE BRAIN OF REPTILES AND OF BIRDS. 

The nervous system of Reptiles generally exists in a 
slightly more developed form than that which is common 
amongst Fishes. 

The Spinal Cord occupies the whole length of tho 
spinal canal. Jt is slender and almost uniform in thick- 
ness in Serpents, though it is relatively stouter in Croco- 
diles and their allies. In the latter it also presents 
decided swellings in those regions whence the nerves are 
given off, on each side, for»the fore and hind limbs. 

The principal divisions of the Brain are the same in all 
kinds of Reptiles, though, as might Jiave been expected from 
tho varied form and nature of the different representatives 
of this great class, the respective development of the 
several divisions of the organ varies much in different 
orders. ^ 

The Medulla Oblongata, directly continuous with the 
spinal cord, slightly widens aj its upper part, where it is 
surmounted by the Cerebe^um. This latter structure, in 
tho Liztird (fig.l59) and its allies, is very small, consisting 
only of a thin lamella. The cerebellum is larger, how- 
ever, among Serpents (tig. 58), and it becomes still more 
developed in Turtles (tig. 61) and Crocodiles. 

Tho Optic Lobes %re relatively smaller in most Reptiles 
than they are among Fishes ; and in the Boa Constrictor 
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they show a transverse fissure which divides the two bodies 
into four parts, corresponding to the ‘corpora quadrigemina’ 



Fro. .IS.— Brain imd Cnininl Kcrvon of Bo.a Cimstriclorf (Bymcr Jones, af • 

a, Cerebnil lobos ; h, opt?-, lobes with transverse depression ; r, ’ p,. 

branc of the nose; 1, olfactory nerve; 2, optic nerve; 3, thir , or com 

o to the superior ibhquo muscle ot 


muscular nen'c ; 4, fourth, jr trochlear nerve to the It 1? i fnink of the 

cyo ; 5, first trunk of the fifth ; 6, scond trunk of the fifth ; 7 third trunk of « 
fifth ; 8, hanl portion of 0.0 »«v~nth norre ; 9. auditofy nerve ; 

nerv^ : 11, trunk of the vag, . nerve; 12, ninth nerve. The laet three nerves are 
intimately connected with oi o another, and with 13, a sympathetic gaiighon 
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of higher Vertebrates (fig. 58, h). Between the optic 
lobes and the next great division of the brain, the 
cerebral lobes, we find the so-called * pineal body ’ (fig. 
61, j), projecting upwards, and in a more developed form 
than that which is met with in Fishes. The nature and 
uses of this body are wholly unknown. It is chiefly 
notorious from the fact that Descartes pointed to the 
corresponding structure in the human brain as the seat 
of the Soul.” 

The Cerebral Lobes in the Lizard (fig. 59) and its allies, 
as well as in Amphibia, are, in comparison with other 
parts of the brain, much larger than in 
Fishes. This is due only in part to an 
absolute increase in their development, as 
there seems to^be some diminution in the 
size of the olfactory and optic lobes and the 
cerebellum. In Serpents, Crocodiles, Tur- 
tles (fig. 61), and their allies, however, we 
meet with a decided absolute increase in the 
size of the cerebral lobes. In Crocodiles, 
for instance, they arc much larger and 
broader than other parts of the brain, 
though their surface is still quite smooth. 

Each lobe contains a cavity or ‘ ventricle ^ 
in its ijiterior, as in some of the higher 
Fishes. But in Reptiles the ventricle is 
larger, and, projecting from* its anterior 
and inner surface there is ^ rounded c m\- 
nence, supposed by some anatomists to represent a body of 
considerable imporfance — which is known amongst higher 
vertebrates as the ‘ Coi-pus Striatum * or striate body. 

Each Cerebfal Lobe is connected with its corresponding 
optic lobe and with tfte same half of the medulla oblongata, 
by mejyns of a thick and composite prolongation called the 



Fig. 50.— Brain of 
Ijizard {Lacerta viri- 
ilix). (t, Cerebral 
heiiiiaphcrcs ; &, op- 
tic lobes ; c, cerebel- 
lum ; tl, sjanal cord ; 
e, fourth ventricle ; 
/, pineal body ; tj, 
olfactory ganglia. 
(Owen.) 
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* cerebral peduncle.* On the upper and inner part of each 
of those composite i^eduncles, just anterior to the optic 
lobes, there is a small projection, supposed to answer to 
another very important ganglionic body, which, in higher 
vertebrates, is known as the ‘ Thalamus.* As to the 
identity of these bodies, however, some dijderence of 
opinion exists. They, together with the inner faces of 
the peduncles on which they are situated, constitute the 
lateral boundaries of another brain cavity, known as the 

* third ventricle,* which is mostly covered over above, by 
the backward extension of the cerebral lobes. 

A band of fibres, termed the ^ anterior commissure,* 
which connects certain regions of the two cerebral lobes — ■ 
hereafter to be specified — arches across the anterior part 



Fro. 60. — Vertical Longitudinal Section of ifio Brain of Perch. (Mivart.) 1, Olfac- 
tory lobe; 2, cerebral lobe ; 3, pineal body; 4, ox^tic lobe, with largo cavity within ; 
6, cerebellum ; 6, pituitary body ; 7, hypoariuin. • 


of this Third Ventricle ; whilst the upper strata of the two 
cerebral peduncles are connected by means of a smaller 
‘ posterior commissure,* crossing the posterior boundary of 
this ventricle, just in front of the optic lobes. The 
peduncles or attachments of the before-mentioned ‘ pineal 
body * are in structural reliction with the posterior com- 
missure. gp 

The Third Ventricle is continuous beloCv* with a funnel- 
like prolongation, at the extremity of ^hich is a structure 
named the ‘pituitary body,* not altogether unlike the 
•' pineal body,* and wdiose use is similSrIy unknown. 
Though present in Fishes and higher Vertebrata, the 
pituitary body is especially large in many Reptile®. 
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The Olfactory Lobes have, throughout the class of 
lieptiles, a smaller proportionate size than in Fishes. In 
Serpents (fig. 58) and Crocodiles they 
are situated, as in some of the last-named 
creatures, at a distance from the cerebral 
lobes — being connected with them by 
long peduncles. In Lizards and their 
allies the olfactory lobes * are more or 
less continuous with the cerebral lobes 
(lig. 59) ; while in the Turtle and other 
Cheloniaiis, they are marked off from 
the anterior extremities of the cerebral 
hemispheres only by a slight constriction 
(fig. 61, a), and each olfactory lobe is 
2^enetrated by prolongation from the 
corresponding cerebral ‘ ventricle.’ 

With regard to the Cranial Nerves 
of Reptiles, it may be remarked that tlie 
Trigeminus and the Vagui? (or visceral 
nerve) arc still very large, but neither of 
them swell at their roots into such dis- 
tinct ganglia as in Fishes. The Glosso- 
pharyngeal, or nerve of taste, joins the 
internal nucleus of the Vagus in Amjdii- 
bia, though in Serpents and higher Rep- 
tiles it has a nucleus of its own, distinct 
from that of the latter. Tho Auditory 
nerves are large, and in Tusitles, Croco- 
diles, and thcir^allies, they swell into 
distinct ganglionic enlargements at tho 
back of the medulla, on each side of the gangUon ; e, cc- 

floor of the fourth ventricle. root of vagua uervo; j, 

The brain of Reptiles, like that of 
Pishes, ^is still characterized by the arrangement of its 

K 


Fig. f)! iliaiii of Tur- 
tle, side view. (S(jlly.) 
A, Olf.'ictory ganglion ; 
cerebral lionu.'ri>hcro ; 
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several parts and the spinal cord in the same horizontal 
plane, and by the small size of the Brain as compared with 
the latter structure. Still, the brain is more nearly equal 
in weight to the cord than it is in Fishes, and it also 
bears, in the majority of Reptiles, a greater proportion to 
the total body-weight. 

But in Birds we find the ' Brain attaining a notably 
greater size in proportion to the bulk of the Spinal Cord 
than it has among Reptiles, and also presenting other 
signs of increased development. 

According to Leuret, the average proportional weight of 
the brain to the body in the four undermentioned classes, 
as deduced from numerous observations on diflerent 
representatives of each, may be stated to l^o as follows : 

In Fishes as 1 to 5,008 In Birds as 1 to 212 

In Keetiles as 1 to 1,321 In Maajmalia... as 1 to 180 

These figures must, of couftrse, be regarded merely as 
approximate averages. 

No i)Oculiarity worthy of note exists in the Spinal Cord 
of Birds, except that in the situation of its posterior 
enlargement, corrcsi)onding with the attachment of the 
great nerves of the legs, the posterior columns of the 
cord diverge from one another, and shortly again approxi- 
mate so as to form a space, known as the ‘ rhomboidal 
sinus.’ This, however, i^ an anatomical peculiarity to 
which no physiological signi|j^ance is attached. 

The Medulla Oblongata, from the fack of ^hich the 
cerebellum is developed, is, in Birds, decidedly broader 
than the spinal cord. As in lower vertebrates, the diver- 
gence of the upper (^r posterior columfis of the cord 
leaves at the correspomling surfat^ of the medulla the 
space known as the ' four th ventricle,’ which becoimes much 
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more completely roofed over than it is in Fishes or Eep- 
tiles, by the under surface of the now larger cerebellum 
(fig. 64). The Auditory nerves arise from about the middle 
of the floor of the fourth ventricle, where, aa in some 
Reptiles, they are connected with a distinct ganglionic emi- 
nence on each side of tlio middle line. The Trigeminus 
is always large, and exceeds all the other cranial nerves in 
size, with the exception of the Optic. 

The Cerebellum is much larger than we have hitherto 
met with it — with the single exception of that of the 


Fio. 62. Fig. 63. Fig. 64. 



Fio. 62. “Uruin of Pigeon, (Forricr.) a, Cerebral hemispheres; b, optic lobe; 
c, cerebellum with trails vei\se furrows and very small lateral lobes. 

Fig. ()3.' Brain and p:irt of Spinal Cord of Chiok 16 days old, showing the optic 
lolies (h) still in contact at their inner borders. (Owen, after Ainlerson.) 

Fio. 64. — Brain and pai-t of Spinal Cord of Chick, 20 days old, sliowiug the optic 
lobes (b) now widely separated, and cerebellum (c) greatly developed. (Owen, 
after Anderson.) 

Shark. It now consists of a more or less ovoid median 
lobe (deeply scored by transverse furrows), and of two 
much smaller lateral portiom?, which project slightly be- 
hind th^ optic l(^es (fig, 62?^ c). 

These Optic XiO]jes are pushed aside and depressed so 
that they are partly covered by the largo cerebral hemi- 
spheres (figs. (Jp, 64). In form they are rounded bodies, 
showing no trace of a^transverse division. Each contains 
a cavity, opening below and internally into a subjacent 
passage '*or canal, which serves to connect the fourth with 

K 2 
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the third ventricle. The two optic lobes are connected 
with one another by a wide commissure, which constitutes 
the ix)of of the above-mentioned passaj^c. The optic 
nerves arise from the under surface of these lobes. 
They are lamellated structures ; and at the place where 
the two nerves cross one another, their lamelhc intei’lock ; 
instead of the one nerv(>, as a whole, passinjj over the 
other, as is the case in Fishes. 

Ill front of the optic lobes are the cerebral peduncles or 
‘ Crura Cerebri/ between which the ‘ third ventricle ’ is 
situated. Strctchin< 2 f across this space, immediately in 
front of the optic lobes, is the ‘ posterior commissure ’ of 
the brain, with which (as in lleptiles) the peduncles of 
the ‘ pineal body ’ are connected — a structure sometimes 
seen to project in the brain of Birds between the cerebral 
hemispheres and the cerebellum. A little in front of this 
^ posterior commissure ’ a rounded prominence may be 
seen on the upper and inner aspect of each cerebral 
peel uncle — that is, on tJie portion which constitutes part 
of the lateral boundary of the third ventricle. A similar 
projection has been previously alluded to as occurring 
in some Ueptiles, and it is supposed to correspond 
with the important structures termed the ‘ Thalamus * 
of a Mainmars brain. The anterior part of the floor of 
the third ventricle still communicates, by a short hollow 
peduncle, with the peculiar ‘ pituitary body ’ — a structure 
which, in Birds (fig. 66, v) is proportionately less de- 
veloped than in Eeptiles andtffishes (fig. 60, g). ^ 

The Cerebral Lobes are large and more or less rounded, 
though they are flattened at their inner faces, where they 
come into contact with one another (fig. 65). These all- 
important divisions of the brain are smooth and still 
devoid of convolutions; yet in some birds there are traces 
of a depression, answering to a well-marked fisSure (the 
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‘ sylvian ’) always recognizable in the brain of higher 
Mammals. The cavity within each of the cerebral lobes — 
answ’'cring to the ‘ lateral ventricles ’ of the human brain‘d 
— is comi^aratively large, and projecting from the anterior 
and external part of the floor of each of them, there is 
an eminence generally admitted to correspond to the 
' Corpus Striatum ’ in the brain of Man and Mammals 
generally. The inner walls of the lateral ventricles arc 
thin, and almost in contact with one another. They con- 
stitute the inner boundaries of the cerebral lobes. 


Fio. (i.';. Fig. G6. 

a> 



Fio. 0.'). — Briiin of ComriioTi I’owl in rllluit condition. (Spxirzheini.) c, Optic lobes 
in part hidden by {b) corcbral liennsplicrc.s. 

Fio. GG. — Brain of Pigeon, side view. (MWart.) 1, Olfactory loVie ; 2, cerebral 
beniispherc ; 3, pineal body ; 4, optic lobe; 5, ccrcl^cllnin ; l5, pituitary bo(iy ; 8, optic 
nerve. 

These lobes are structurally connected, as in Eep tiles 
and Fishes, by a well-marked ‘ anterior commissure,’ 
while above# and behind it there exists another set of con- 
necting fibres, deemed by some anatomists to represent 
the commencement of the ‘ Corpus Callosum.’ Tliis latter 
is the great transverse commissure wdiich unites the two 
halves (ff the biain, and whose size increases as w'e pass 
from lower to higlnt* orders of the Mammalian series. 

* These are ^yie first and second ventricles. The third is 
situated between the cerebral peduncles, the fourth at the back 
of the medulla, and the fifth ventricle v ill be subsequently re- 
ierred to*m the description of the brain of Quadrupeds. 
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The Olfactory Lobes, comparatively small in size, are 
found in front of, and partly beneath, the cerebral lobes 
(fig. 66, i). They are true outgrowths from the cerebral 
lobes, and the cavity within each of them is continuous 
through its peduncle with that of the corresponding 
ventricle. Each ' lateral ventricle ’ is, in fact, prolonged 
into the olfactory ganglion of the same side. 

Looking to the general characteristics of the Brain in 
Birds, we find that the Cerebral Lobes and the Cerebellum 
have attained a much greater development than is to bo 
met with among Fishes and Hep- 
tiles ; while the relatively smaller 
Optic Lobes are displaced down- 
wards and outwards, as though 
from the pushing forwards of the 
cerebellum. The several |)arts of 
the Brain are no longer in serial 
order, and in the same horizontal 
plane A^ith the Spinal Cord. The 
greatly increased weight of the 



Fio. (u. -Bniiii of Sea Goii» Organ US a wliole, in comparison 


(Owen, after Aiiflerson.) a, Cere- 
bral liernispliercs ; 6, optic lobes ; 
c, cerebellum ; d, spinal cord. 


with that of the cord and of the 
entire body, are also seen to be 


marked features, distinguishing the 
Brain in Birds from that of lower Vertebrates. 


The Visceral Nervous* System in Lower Verte- 
brates. As an addition to 4l^is account of tho Cerebro- 
Spinal Axis in Fishes, Amphibia, Reptiles, and Birds, 
a word or two may here be aiipropriately said in regard 
to the Visceral System of Nerves met with in these 
animals. 

We saw reason to l elieve (p. Ao) that impressions 
emanating from the Viccera constitute an important part 
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of the general stock of afferent impressions which arouse 
tho brain activity and mental life, such as it is, of Inver- 
tebrate animals ; and that such impressions furnish tho 
internal promptings or stimuli inciting these animals to 
not a few of the acts and movements they are accustomed 
to perform. 

No excuse, therefore, is needed for what might at first 
sight seem a departure from our proper subject, in taking 
account of this visceral poi'tioii of tho Nervous System. 
All tho avenues whence impressions come to tlie supremo 
centres, must, in fact, bo considered by any one who 
would properly understand the real share of the work 
which the Brain takes as an Organ of Mind. 

Tho Visceral System of Nerves in Fishes, as in other 
Vertebrates, is^divisiblo into two main parts, which, never- 
theless, are, to a great extent, distributed together and to 
tho same organs. There is, in the first place, a set of 
Cerebral Systemic Nerves, represented by tho Glosso- 
pharyngeal and the Vagua or Pncumogastric — and these 
seem to be almost wholly afferent nerves conveying im- 
pressions from tho Viscera to the Medulla. Secondly, 
there is the ‘ Sympathetic System ’ of Nerves, which, 
though to a certain extent an independent system, is 
also closely related to the Cerebro- Spinal Axis, by 
means of free intercommunications passing between tho 
‘ sympathetic ^ ganglia, and the anterior spinal nerves 
as well as most of those which are attached to the 
medulla. 

In this latt#* system tffere are afferent and efferent 
fibres passing bafeween tho ATscera and the several 
‘ sympathetic ganglia * with which they are in relation ; 
while these ganglia are, in their turn, connected by 
afferent and efferent fibres with the cerebro-spinal axis, 
in the manner above indicated. Though there may be, 
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and probably is, a considerable amount of independent 
activity on the part of the ‘ Sympathetic System/ tlie action 
of its several parts is also subject to the controlling and 
regulating influence of certain cerebro-spinal centres, with 
which they are connected in the manner above referred to. 

In the Suctorial Fishes and the Lepidosiren, the ‘ Sym- 
pathetic System ’ is said not to exist, though the Cerebral 
Systemic Nerves are large and Widely distributed over the 
viscera. In the Sharks and Rays, also, this system is ill- 
developed, but in tlie mnjority of osseous Fishes it consists 
of a cord on each side of the spine, forming connections 
with the cerebral and spinal lierves, and in some of these 
situations developing small ganglia and sending off 
branches towards the viscera, which unite with others 
from the Yagus nerve, sO as to form large ^median ‘ plex- 
uses,' or ‘ plexuses ' and ganglia, whence multitudes of 
fibres are distributed to tlie diflerent internal organs. 
Many difterences of detail occur in diflerent Fishes. 

In Reptiles, also, there are various minor modifications ; 
but, on the whole, the connections of the ‘ Sympathetic 
System ' with spinal nerves are more developed in these 
animals, and the Ganglia at such points of junction are 
more numerous and distinct. In Birds the distribution 
of the Visceral System of Nerves also, in the main, tends 
to apjiroximate jiretty closely to the general plan above 
indicated, which will be described in further detail when 
we come to speak of its more^ complex development among 
higher Vertebrates. 

By means, therefore, of mis double (set of Visceral 
Nerves, the internal organs are brouglit into close relation 
with one another, as well as with the Spinal Cord and 
with the Brain. ^ 

We are not fairly e ititled to measure the intensity 
of the systemic impressions of a Fish, a Reptile, or a 
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Bird, by that of those with which wc are ourselves familiar. 
In sncli animals many visceral impressions may be 
decidedly attended by moi*e of conscious accompaniment 
than tliose which we experience, and they may enter in a 
much larger proportion into the web of sensory impressions 
constituting the basis of the conscious life of sucli creatures. 
Professor Owen truly says of Fishes that, ‘‘ the ajipetite 
for food appears to be their predominant desire, and pro- 
viding for its gratiticjition to form their chief occupation.” 

Oertain it is, that when prompted by different visceral 
states, animals may show an extraordinary amount of 
sensorial activity and power of execuling related muscular 
movements. Tlie sensorial endowments of the Shark, 
of the Pytlion, or of the Vulture, are, when these 
crcatiii'os are ^nder the influence of hunger, exalted to 
the highest degree ; so that at such times either of them 
may become keenly sensitive to odours, sounds or sights 
which, had they been in a state of satiety, might have 
passed wholly unheeded. • Simibir differences also exist 
between the degree of sensorial activity of animals 
swayed by sexual desires, and those^in whom such feelings 
are quiescent. These two classes of visceral promptings 
largely instigate and dominate the brain activity of all 
lower animals, and when the related needs or desires 
no longer d'kist, and no longer rouse the creature’s senso- 
rial activity, sleep is apt to come, as with a veil, and sever 
for a time the correspondence between the organism and 
the outer world. 



CHAPTER X. 

THE SCOPE OF MIND. 

Much needless coufiision is often thrown over the 
study of mental phenomena by the mode in which tho 
subject is regarded, and by the phraseology in common 
use. It is customary to speak of ^ tho Mind,' as thougli 
it were a something having an actual independent exist- 
ence — an entity, that is, of ^ spiritiial ' or uncor];)orcal 
nature. Consequently we find, spread abroad in all 
directions, definitions of Mind and descriptions of tho 
powers of Mind which, to say«the least, carry with them 
implications of a decidedly misleading character. 

It is the common and almost inevitable practice of 
substituting some abstract word for a more cumbersome 
phrase or statement, which tends to keep up tho notion of 
a distinct psychical entity. Thus the word ‘ Mind ' is 
generally used as a collective designation for the subjective 
states which reveal themselves to each one of us in con- 
sciousness, and which wo infer to exist in other beings 
like ourselves. But the genesis and real legitimate mean- 
ing of such a term is only Too frequeilfly forgotten by 
some writers, whilst, by others, it ha« never been clearly 
apprehended; as a consequence, the word ^ Mind ' comes 
to be used most frequently, not as a general abstract 
name answering to no independent reality, but as though 
it corresponded to a roal and positive something, existing 
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of and by itself. A similar popular fallacy attaches to 
the common acceptation of the word ‘ Life.* To many 
this also is the name of an entity, though, in reality, it 
is only a more general abstraction, including under it the. 
one with which we are now concerned. 

The term ‘ Mind,’ indeed, no more corresponds to a 
definite self-existing principle than the word ^Magnetism.* 
This conclusion, if not a 'direct revelation of Conscious- 
ness, is one of those “ legitimate inferences ” to which 
John Stuart IVIill alludes, in the following passage, as 
constituting so large a part of human knowledge. 

He says *; — ** All theories of the human Mind profess to 
be interpretations of Consciousness. The conclusions of 
all of them are supposed to rest on that ultimate evidence 
either imrnedyxtely, or remotely. What GonscAoiisncfis 
directly reveals, toyeiher with what can be leyitimatcly 
inferred from its revelations, coinjme by universal admis- 
sion all that we know of the Mind or, indeed, of any 
other thing • 

The various conscious or subjective states known to 
each ono of us are often classitied under three principal 
categories, corresponding to what ai’e commonly spoken 
of as (1) Sensation and Emotion ; (2) Intellect, and 
(3) Will or Volition. 

All thafc we know of Mind is derived {a), directly or 
by inference, from our own subjective states {Subjective 
Psychology), supplemented by (/>), what we are able to 
infer from the words or o^ier actions of our fellow-men 
and lofirer aniiials, as to the possession by them of 
similar states {Objective Psychology), and (c) by what 
we are able to learn as to the dependence of these 
subjective stiites upon the activity of certain parts of 
our bodies and of tl» bodies of other animals {Neurology, 
* “ Examination of Sir William Hamilton’s Philosophy,” p. 107. 
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or the Anatomy, Physiology, and Pathology of Nervous 
Systems). 

Our knowledge of Mind (that is of mental phenomena) 
diflers, therefore, altogether from our knowledge of all 
other phenomena. TJie very existence of this mysterious 
and inexplicable class {a), so dissimilar as it seems from 
everything else in the universe, would have sufficed to 
separate this branch of knowledge from all others, were it 
not the fact that, strictly speaking, all knowledge what- 
soever of any other natural phenomena is still but the 
expression and summation of our own conscious states — 
were it not the fact that all other phenomena can only 
be known in terms of INfind. 

The customary ideal or imaginative embodiment of 
these subjective states into a non-corporejal or spiritual 
Effo is, from this point of view, not altogether surprising. 

But if we were to lean implicitly and exclusively upon 
these direct revelations of Consciousness, we must, as the 
histoi*y of philosophy has shown, inevitably commit our- 
selves to a system of universal scepticism, needing, as 
Hume procbiimed, a rejection of all grounds of certainty 
for our belief in an external world, in body, and, indeed, in 
Mind as an entity — leaving to each one of us a mere 
fleeting series of (conscious States as representatives of 
the totality of existence. 

The absurdity of resting content with such a conclu- 
sion has been commonly recognized both by philosophers 
and mankind in general. In ^.ict, we use our Conscious- 
ness to enable us, in imagination at lealt, to trRnsceiid 
these direct revelations of Consciousribss. They are by 
each one of us invpriably supplemented and modified, 
where necessary, by what we deem to ‘legitimate 
inferences ’ — not only -n regard to Mind, apart from the 
narrow yet all-embracing region of our own subjective 
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states (that is, in the sj^heres of Objective Psychology 
and Neurology), but also in regard to the whole system 
of Natural Knowledge. Thus, as regards vital, mental, 
magnetic, electric, thermal, chemical, mechanical, and all 
other phenomena, our actual present ‘ knowledge ’ is 
made up of a closely-interwoven potential but intelligible 
fabric derived from actually existent, from remembered, 
described, or inferred Conscious States or relations be- 
tween them, together with inextricably intermixed and 
more or less ‘ legitimate inferences ’ therefrom. 

Our knowledge of what is called Objective Psychology, 
as well as our knowledge of the relation of subjective 
states generally to the activity of the Nervous System, as 
deduced from its Anatomy, Physiology, and Pathology 
(the knowledge, that is, which contributes so largely to 
make up what wo know concerning Mind, or mental 
])henomena) stands, therefore, on precisely the same 
foundation as our knowledge of Magnetism — that is of the 
magnetic phenomena presehted by different forms of iron. 
The w^ord ‘ Magnetism ’ is one Avhich has come into use 
in much the same way as the woi’d ‘ Mind,’ althougli it 
is true that the connotation of the latter is wider in kind 
and degree, since under it Ave include not only what are 
considered ‘ legitimate inferences ’ from conscious states 
(our only sources of knowledge concerning Magnetism), 
but also these very conscious states themselves. It is on 
this latter ground only — tliQugh of course it is one of 
fundamental inmortance — ^at our knowledge of ‘ Mind ’ 
ditfers from wlrnt we know generally in regard to all 
other natural phenefmena. 

From a basis of agreement, therefore, as to the acknow- 
ledged insufficllency of the direct revelations of Conscious- 
ness in any branch^of natural knowledge, it seems to 
the writer incontestible that the same kind of evidence as 
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that which assures us of the existence of our own bodies 
and of the properties of external things (viz., inferences 
from conscious states), should guide us in the study, and 
as to the conclusions deducible from our own mental 
phenomena and those of other living beings. An attentive 
consideration, however, of such evidence altogether fails 
to assure us of the existence of ‘the Mind’ as a self- 
existent entity. It is, indeed, quite the reverse. Very 
many of those who are most entitled to form a judgment 
upon this subject, regard it as a ‘legitimate inference* 
from existing knowledge that Conscious States, and, indeed, 
‘ mental phenomena ’ generally, are dependent upon the 
properties and molecular activities of nerve-tissues, just as 
‘ magnetic phenomena ’ are dependent upon the properties 
and molecular actions of certain kinds oiv states of iron, 
liegarded as ultimate facts, wo are just as impotent to 
‘exidain* the relation or nexus of causation existing 
between Magnetic Phenomena and the one set of molecu- 
lar activities, as we are to explain the causation, direct or 
indirect, of Conscious States by other molecular activi- 
ties. The mere lact that we are each of us conscious of 
the existence of mental or subjective states, inscrutable 
and ultimate as these must always be, certainly cannot 
be supposed to give any knowledge of ‘ Mind ’ as a self- 
existent entity. 

Some of those who seek to expound mental phenomena 
from a scientific stand-pointy have not always been suffi- 
ciently careful to suit thei^i language to their views. 
This should, however, be done some^vhere; *and, if 
not elsewhere, certainly in a prelinSinary disquisition, 
ill order that there may bo no room for doubt as to an 
author’smcaiiing when he uses the term ‘^lind.’ With 
this end in view some further remifirks and explanations 
will now be given. 
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One of the principal errors, which the metaphysical 
conception of Mind as an entity entails, is that ‘ mental 
phenomena ’ are supposed to be limited or bounded by the 
sphere of Consciousness. That this has been the view of 
the great majority of philosophers any student of their 
writings will easily discover. Thus Consciousness is said 
by one of them, to be “ the fundamental condition of all 
intelligence,” whilst another holds that, “of all the 
present operations of the mind, consciousness is an 
inseparable concomitant.” Such doctrines are, indeed, 
legitimate deductions from the metaphysical view concern- 
ing Mind, though its inadequacy is now fully recognized 
not only by physiologists, but also by some modern 
psychologists. Thus Professor Bain, after speaking 
of Mind in its three fundamental capacities. Feeling, 
Action (Volition), and Thought, says^: “Consciousness 
is inseparable from the first of these capacities, but 
not as it appears to mo, from the second or the third. 
True, our actions and thoughts are usually conscious, that 
is, are known to us by an inward percej)tion; but the 
consciousness of an act is manifestly not the act, and, 
although the assertion is less obvious, I believe that the 
consciousness of a thought is distinct from the thought.” 

The sphere of ‘ mental phenomena * cannot, indeed, be 
circumscribed by the sphere of Consciousness, and the 
recognition of this fact necessitates the absolute rejection 
of the word ‘ Mind ’ in its 04I signification, and compels 
us to include under this col^ctive abstract term multitudes 
of processes or fterve actions, which now, so far as we are 
aware, have no corAlative subjective aspects, though they 

*“The Sens‘d ana the Intellect,” p. I. The language of the 
three statements there given by way of (h'finition of Mind, seems 
to imply a belief in .1 self-existent soi ething, able to Feel and 
Think, and capable of Acting. 
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may intervene as indubitable links or constituents of 
‘ mental plienonieiia.’ There need be the less hesitation 
in admitting this latter conclusion from the fact that it is 
one which each of us can so easily verify for himself. 

We are frequently conscious of the first term of some 
process of thought, and we become aware of the last, 
whilst those which intervene, numerous though they 
may be, do not in the least* reveal themselves to our 
consciousness. We seek, for instance, to recall some 
name or word at the time forgotten. We are conscious 
only of a sense of ‘ effort ’ which may, at tlie time, be 
fruitless, and yet, aftcu* a period, in which we have been 
tliinkiiig of other things, the desired word or name 
suddenly declares itself in our consciousness. We may 
say with Dr. Carpenter : “Now it is dillicyilt, if not im- 
possible, to account tor this fact upon any other supposition 
than tliat a certain train of action has been set going in 
the cerebrum by the voluntary exertion which we at first 
innde ; and that this train coiltinucs in movement after 
our attention has been fixed upon some other object of 
thought, so that it goqs on to the evolution of its I'osult, 
not only without any continued exertion on our 2)arts hut 
also without our consciousness of any continued activity.” 
And that some such view as this has commended itselt 
to so distinguished a philosophical thinker as the late 
J. S. Mill may be gathered from the following quotation 
in reference to parallel ph(^nomciia. He says*: “If we 
admit (what physiology is j^eiidering more and more 
probable) that our mental feelings as well ife our sehsatioiis 
have for their physical antecedents paiticular states of the 
nerves, it may well bo believed tliat the apparently 
suppressed links in a chain of associatioft, those which 
Sir William Hamiltoi considers as* latent, really are so, 
^ ** lExamiaation of Sir Wm. Hamilton’s Philosophy,’* p. 285. 
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that they are not even momentarily felt ; the chain of 
causation heimj continued onhj jihijsically , hij one organic 
state of the nerves succeeding another so rapidly that the 
state of mental consciousness appropriate to each is not 
produced,*^ 

It is, indeed, certain that multitudes of nerve actions 
having no subjective side (that is, which are unaccom- 
panied by phases of consciousness), form links or integral 
parts of our momentarily occurring mental states, and 
that such mere objective phenomena ])ower fully assist in 
determining our so-called mental acts. Nay, more, it 
seems almost certain that the greater part of our Iiitei- 
lectual Action proper (that is Cognition and Thought as 
opposed to Sensation) consists of mere nerve actions with 
which no conscious states are associated. And, lastly, 
each one of us may have had frequent occasion to notice 
that states of Feeling which at first accompany unfamiliar 
Muscular Movements, after a time no longer reveal them- 
selves in Consciousness, that is, when such movements 
have by dint of frequent repetition become easy of per- 
formance. Thus, rapid and unconscipus Automatic Actions 
are constantly tending, in our own experience, to take the 
place of slower and more consciously executed Volitional 
Movements, 

From thfs, as well as much more which might be said, 
it would appear that those nerve actions attended by 
conscious states (to which latt^pr correlatives philosophers 
have been accustomed to -^restrict the words ‘ Mind ’ 
and ‘ mental plfenornena ’ ) constitute, in reality, only a 
very small fraction ^f the sum Lotal of nervous states or 
actions which are now known to be comprised among 
(a) the initial^nervous phenomena leading to Sensation 
and Emotion, amoif^ (b) the intermediate links of 
Thought and Imagination, among (c) the beginnings of 

L 
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Desire, and which exist (d) as the incitations to, or 
accompaniments of. Volitional Action. But, if this he 
true, what becomes of the metaphysical entity called 
‘ Mind ’ ? 


Thus, it would appear that, if w^e are, as so many 
philosophers tell us, to regard the sphere of Mind as 
co-extensive with the sphere of Consciousness, wo should 
find ‘Mind’ reduced to a mere imperfect, disjointed, 
serial agglomeration of feelings and conscious states of 
various kinds — avIuIo tlie multitudes of initial or inter- 
mediate nerve actions (which servo to bind those other 
nerve actions commonly associated with conscious corre- 
latives into a complex, continuous and coherent series) 
would have no claim to be included under this category. 

For these and other reasons, we feel ourselves driven 
to the conclusion that the common notion as to what 
should be included under the term Mind, is one wdiich is 
altogether erroneous, and such# notion ought clearly enough 
to be given up, unless some warrantable extension of the 
meaning of the narrower term Consciousness should per- 
mit the reetiticatioii to be made in this direction. 

It would seem to most persons impossible so to widen 
the signification of the word Consciousness, as to make it 
co-extensive with unconscious nerve actions, though some 
such proposition seems suggested by Professor Bain when 
he says “We assume as a fundamental fact, that with 
nervous action feeling begiiii^*’ This is certainly a large 
assumption, and one which it is difficult lo admit? though 
a notion of the same kind was, severalfyears ago, advocated 
by G. H. Lewes, t who holds steadfastly to the notion that 
sensibility is the property of ganglionic rtarwe tissue in 
general, even though 'he action of such ganglionic tissue 
♦ ** Mind and Body,” p. 63. f “ Physiology of Common Life.” 
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may not reveal itself by any phases of Consciousness what- 
s oever.* To have a feeling of which we are not conscious 
will seem to most of us a contradiction in terms. J. S. 
Mill was evidently of this opinion, since he saysit “To 
feel, and not to know that wo feel, is an impossibility.” 

What, it may be asked, is the nature of an unconscious 
‘ sensation’ ? Language employed in this way seems to 
become meaningless, and, in the writer’s 02)inion, cannot 
be justified. If an imiircssion receives none of our 
Attention, that is only saying in other words, that we are 
not conscious of it or do not feel it. In such a case wo 
have no reasonable warrant for calling such an imjiression 
a ‘ sensation.’ No excuse for such language ajii^ears to bo 
found in the mere hict that there are different degrees 
or intensities of Consciousness, and that nerve actions 
witliout feeling cannot be sharply separated from nerve 
actions which are accompanied by feeling. It should bo 
clearly rccogni:^ed that this kind of reasoning tends to 
give us no definite resting point : from such a basis we 
might (and in fact ought logically) to go on to postulate 
the existence of Consciousness in plants, and even in 
inanimate things — since the demarcation between Con- 
sciousness and the absence of it, is more radical than that 
which separates nerve tissues from otlier living tissues, 
and living^from not living matter. J Although, however, 
as wo may freely concede, the phrase unconscious sensa- 
tion’ is far from being mean ii,igless or unjustifiable from 
the jioint of view of a purely S2ieculative 25 hilosophy,§ its 
• I 

* Since the above wAs written, C. H. Lewes has i^^^blished his 
“Physical Basis of Mind,” 1877, in which his views are more elabo- 
rately developed ^d supported. 

t “ Examination of Hir Wm. Hamilton’s Pliiloso23hy,” p. 132. 
j “ Beginnings of Life,^’ vol. i. p, 79 ; vol. ii. p. 77. 

§ See A. Barratt’s “ Physical Ethics,” 1869, p. 112. 

L 2 
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use tends to introduce confusion into a subject tlio natural 
complexity of wliich already makes it sufficiently baffling. 
There may be nascent, ill-defined, or abortive subjective 
sides to many nerve actions, but, if these do not answer 
in ourselves to what wo know as Consciousness, it should 
not bo said, that ‘ sensibility ’ is an appanage of such 
nerve actions. 

If, however, we are compelled to believe that Conscious- 
ness is not co-extoiisivc with the sj^hcre of ‘ Mind,’ in 
the ordinary acceptation of these terms, and that no 
expedient modification of the meaning of the word 
Consciousness could make it so, then in face of the now 
admitted fact concerning the frequent interpolation of what 
J, S. Mill called mere ‘^organic states of the nerves,’^ 
or unconscious nerve actions, as integral parts of mental 
processes — only one other course lies open to us. Wo 
must widen the signification of the term ‘ Mind ’ itself. 

This is no question of choice, but one of absolute 
necessity. The meaning of thV) word ‘ Mind ’ must be very 
considerably enlarged, so as to enable us to comprise under 
its new and more ampje signification the results of all nerve 
actions, other than those of outgoing currents. Wo 
should thus include as ‘ mental phenomena,’ the functional 
results of all nerve actions on the side of ingoing currents 
and in the nerve centres — whether these nerve actions 
are accompanied by a recognizable conscious phasis, or 
whether they form what appear to be mere physical links 
(or “ organic states of the i^rves ”) between other nerve 
actions which are unquestionably in rolalion with definite 
Conscious States. ^ 

We thus include under the word ^ Mind ’ all those well- 
known results of nerve action which are comprised under 
the general categor.es of (1) Fueling, Sensation or 
Emotion, (2) Intelligence, Instinct or Thought, and (3) 
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Attention, Volition or Will ; and we do not exclude the 
multitudinous results of mere unconscious nerve actions, 
which constitute so many integral parts of our mental 
life — interpolating themselves from moment to moment, 
and having their origin in various parts of our nervous 
system. The functional results of outgoing currents, 
however, lie wholly beyond the sphere of mind : they 
terminate in such physicd-vital phenomena, as the con- 
traction or the arrest of contraction in Muscles, and tlie 
stimulation or the reverse of Glandular Activity — events 
which are in no sense mental, though brought about by 
nervous inlluciice. They are purely physical phenomena, 
and arc taken cognizance of by means of special impres- 
sions made upon and conducted to tlie Cerebrum by such 
ingoing or senfjpry nerves as are in relation with the moving 
parts or secretory organs.* 

H^re a dilliculty at once presents itself. It will doubt- 
less bo said on all sides that wo cannot rightly group the 
various Conscious States which accompany certain nerve 
actions (subjective phenomena) with mere unconscious 
nerve actions (objective phenomena). Those two gi'oups 
of phenomena, it is always said, are separated from one 
another by what appears to be utter dissimilarity of nature, 
as typilied by the fundamental contrast of Subject and 
Object (t!ie E(jo and the N(m-K<jo). 

This is an objection based upon our ignorance as to the 
exact genetic relation existing between subjective states 
and the bodily conditions (dy nervous actions) on which 
they selbm to le dependem. It is probably due to an 
equal extent to a ttoiporary forgetfulness on the part of 
those who advance it, that w^e are as much in the dark as 
to tlie real naUhre of Motion as we are about the real mode 

* These question? al to tho relation of ‘ outgoing currents * to 
Mind will be fully discussed in Chap. xxvi. 
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of origin of Feeling. Motions, whether molecular or other, 
we know only by their effects upon us, that is, in terms of 
Feeling. Who, therefore, is to declare that there can be 
no kinship between that which is the cause of Feeling 
and the molecular movements of certain nerve tissues, 
when, as to the cause of Feeling, knowledge other than 
that which comes from inference, is, from the very nature 
of the problem, for us impossible, and when we con- 
fessedly know notliing concerning molecular movements 
other than what we can learn through Feeling. 

There seems, therefore, no real room or occasion, from 
a scientific point of view, for the protests which some 
will assuredly make against this necessary grouping of (a) 
the conscious states and certain parent nerve actions, with 
(b) other mere unconscious nerve actions, , which are con- 
tributory to, rather than directly associated with, conscious 
states — as the constituent phenomena Mind in its now 
and altogether broader acceptation. That the two classes 
of nerve actions referred to arfe in reality separated by no 
arbitrary line, and that the more simple (/>) are connected 
by innumerable gradations with the more complex (a) is 
an assumption favoured by all wdio believe in the philo- 
sophy of Evolution.^ Such persons will, therefore, more 
easily see that ‘ mental phenomena,’ as above defined, 
correspond to a coherent rather than, as of old, to an 
incoherent and non-consccutive assemblage of processes. 

Some such change is inevitable, and we of the present 
generation must bear the discomfort and inconvenience 
naturally arising from an altered rnean&ig of ^lie term 
Mind, in order that those who follow Inay reap the benefit 
which will after a time result from the rectification. 
Knowledge is progressive, and, if old teTms are to be 

* See Prof. N’figeli’s A idress at MunVeh on “ The Limits of 
Katnral Knowledge,” as translated in “Nature,” Oct. 25, 1877, p. 561. 
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retained, their implications must from time to time bo 
amended, in order that further progress may be made more 
easy or even possible. 

Those who take the step above indicated, will recognize 
another truth which has been already implied. They will 
find themselves logically compelled to depart still further 
from commonly recognized views. On strict enquiry, it 
will be seen that the notion that the Brain is the exclusive 
‘ organ ’ of Mind can no longer be entertained. This 
view was, indeed, too broad to be justified by the old 
pliilosophy, since only a very small part of the nerve 
actions taking place in the dificrent ganglia entering 
into the composition of the human brain are attended 
by Conscious States. J^ut, if the seat assigned to Mind 
was formerly much wider than physiology could warrant, 
it now, on the other hand, becomes much too narrow. 

This will be seen to be a necessary consequence of 
including under the term, ‘ Mind ’ a multitude of the 
unconscious nerve actions occurring in the Brain. For 
it is impossible to draw any valid line of demarcation 
between many unconscious nerve fictions taking place in 
the brain of man or any loAvcr animal, and others (with 
which they are continuously or genetically related) in the 
spinal cord, or in any of the ganglionic masses in difierent 
parts of the body. The division of the Ntu’vous System 
into i^rain, Spinal Cord, and Sympathetic System is one 
which, though justifiable enouJjjh on anatomical grounds, is 
much Itss so fjom a phy^dogical point of view. The 
Nervous System is^-eally one and indivisible, so that, if, 
with certain reservations, unconscious nerve actions occur- 
ring in the liuain arc to be rcgardial as ‘ mental pheno- 
mena,’ we can find^no halting point short of including 
under the same category any unconscious nerve actions of 
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a similar order, wheresoever they may occur. In this 
sense, therefore, almost the whole Nervous System would 
have to he regarded as the ^ organ ’ of Mind, while the 
Brain should be regarded as merely its iirincipal com- 
ponent part. 

Views closely similar to those above set forth were 
advanced by the writer in 1870, wlien ho said ‘‘ Let us 
openly profess what has been tacitly implied by many. 
Instead of supposing that Mind and Consciousness (in its 
ordinary acceptation) are co-extensive, let us make Mind 
include all unconscious nerve actions as well as those which 
are attended by Consciousness .... We must inevitably 
come to this, and the docUnno of ‘ unconscious cere- 
bration ’ has served to pave the way for it See- 

ing that Mind, even in its ordinary acceptation, is .the 
product of all ‘ potential ’ as 'well as of all realized, 
knowledge, the word cannot without the intervention of a 
fundamental error be considered as a convertible term for 
realized or realizable knowledge only. That which is 
realizable now, or capable of being recalled to conscious- 
ness, may, and often does, after a time cease to bo so, and 
yet the essential nerve« actions themselves may still go on, 
and none the less surely work their influence upon our 
fleeting succession of conscious states. Thus has it been 
with the race, and thus is it with the individual. And 
shall we cease to call a given nerve action mental, when 
by frequent repetition it has become so habitual that it no 
longer arouses Consciousness?” Transitions from con- 
scious nerve actions to un con sCous nerve anions ar^ habitu- 
ally taking place during the education of the individual, 
and the development of the nervous system in each one of 
us, and “ the more fully such 2 )hcnomena are recognized 
as parts of an orderly succession by which alone, 
* “ Jo’irnal of Mental Science,^ Jan,, p. 522. 
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greater and greater complexities of thought and feeling 
are rendered possible, the more will it become evident that 
the sphere of mind cannot at any time bo circumscribed 
by the then present or possible states of Consciousness, 
the more it is obvious that in our conception of mind wo 
should also include all past stages of Consciousness, 
which now in the form of unconscious nerve actions 
arc, from moment to mbment, manifesting themselves 
potentially, if not actually, in all our present Thoughts, 
Feelings, and Volitions.’’ 

Certain qualifications of this doctrine are now intro- 
duced, since, for reasons which will be more fully con- 
sidered in later chapters, those tracts of the Nervous 
System exclusively concerned with the passage of ‘ out- 
going current^ ’ are now deemed to have no more claim 
to be regarded as parts of the ‘ organ ’ of Mind than 
has the Muscular System itself, with which they are in 
immediate relation. 

t 

The views above sketched, are different from those 
commonly entertained by physiologists, and they also 
differ, in one or other respect, fromlliose of modern British 
philosophers such as Spencer, Lewes and Bain. They 
differ, however, still more widely from the views of other 
philosopljiical writers who, not having emancipated them- 
Bclves from the mere metaphysical doctrines concerning 
jMind, habitually regal’d it as an entity, and speak of 
‘ the Mind ’ using the Brain its its instrument. 

Tliis^ latter ^octrinc, w’fflch still counts a wide circle 
of adherents, aiid^is likely, perhaps, to do so for some 
time, has been aptly mot by Professor Bain. lie says 
“ In the fir^ place it assumes tliat we arc entitled to 
speak of Mind apar^ from body, and to affirm its powers 

* ** Mind and Body,” p. 130. 
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and properties in that separate capacity. But of mind 
apart from body we have no direct experience, and 

absolutely no knowledge In the second place we 

have every reason for believing that there is, in company 
with all our mental processes, an unbroken material 
succession. From the ingress of a sensation to the out- 
going responses in action, the mental succession is not for 

an instant dissevered from a physical succession 

It would be incompatible with everything we know of 
cerebral action, to suj^pose that the physical chain ends 
abruptly in a physical void, occupied by an immaterial 
substance ; which immaterial substance, after working 
alone, imparts its results to the other edge of the physical 
break, and determines the active response — two shores of 
the material with an intervening ocean of thg immaterial.’' 
The difficulties in working such a hypothesis arc in fact 
extreme, even if it had not been negatived by the many 
other considerations referred to in previous pages. 

In treating of ^ the Brain as ‘an organ of Mind,’ there- 
fore, it will bo understood that we use the word ‘ organ ’ 
merely in the sense that it is a part whoso molecular 
changes and activities, constitute the essential correlatives 
of those phases of Consciousness known as Sensations, 
Emotions, Thoughts, and Volitions, as well as of a con- 
siderable part of the sum total of those other related 
nerve actions which are unattended by Consciousness, and 
whose results form, in accordance with the views above 

c 

stated, so large a proportion ^f the phenomena compre- 
hended under the general abstract word ‘ Mind.’ • 

c 

From what has been already said, it will be seen that 
the study of ‘ mental phenomena ’ has to b^carried on in 
many different direction j, and that it is one which is beset 
with peculiar difficulties. The following table or diagram 
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indicates the principal kinds of data which require to be 
combined, and more or less fused, in order to give birth 
to a legitimate Psychology or true science of Mind. 
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Those three departments supply data almost equally 
important. To neglect the facts 'supplied by Neurology 
would be about as unreasonable as to dismiss the legitimate 
study of Subjective Psychology, and certainly is on no 
grounds io be defended b}^ those Avho do iu)t refuse to 
include the study of Objective Psychology — and are thus 
willing to take account of the data obtainable as to the 
conscious states of animals ’and of human beings other 
than tlKjmselvej. For, if '3, departure is once made from 
the sphere of the jsubjective, the data of Neurology must 
be admitted to constitute as important a division of the 
science of Mind as those derived from Objective Psycho- 
logy — h’om which ^ey differ more in degree than in 
kind. 




CIIAPTEE XL 

REFLEX ACTION AND UNCONSCIOUS COGNITION. 

The nature of a Reflex Action has been already indicated, 
and the tissue elements usually concerned in such an 
elementary nervous operation have been descril)ed. They 
consist of ingoing fibres continuous in a Nerve Centre with 
so-called ‘ sensory ’ nerve cells, which in tjieir turn are 
in communication with some group or groups of ‘ motor * 
nerve cells, whence issue outgoing fibres for the trans- 
mission of stimuli to muscles. 

Such groups of tissue elements variously connected 
togetlier are continually increasing in definiteness and num- 
ber during the course of structural development, as well as 
during the whole time in which the ‘ education ’ of animal 
organisms progresses. The cellular elements arc aggre- 
gated into Ganglia of different sizes, and, by reason of 
their close ai^i^roximation in these bodies, the establish- 
ment of structural connections between those cells which 
are functionally related, either on the side of ‘impres- 
sion ’ or on that of ‘ reaction,^jis doubtless facilitated. 

Thus it seems to result from the vei-ytuature bf nerve 
tissues and their mode of developmiiit, that variations 
in the kind and combination of impressions acting upon 
any particular organism, as part of its lif# phenomena, 
become by slow^ deg. *668 organicallfr linked to different 
and severally appropriate motor results. The organism 
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‘ learns * to discriminate one impression from another, 
cither unconsciously or consciously — as we are compelled 
to infer, from the different nature of its motor responses 
and the suitability of each as an answer to the impression 
which it follows. Thus ‘ discrimination * comes to be an 
essential result or concomitant of the action of even the 
simplest nerve tissues.* 

And as ‘ discrimination ’ is generally recognized by 
philosophers to be the root faculty or most fundamental 
manifestation of Intelligence, we shall find in the 
phenomena of Reflex Action, now about to be illustrated, a 
further strong support for the view that the nervous 
system generally is to be regarded as the Organ of 
Mind. 

In most lower animals, as we have seen, several separate 
Nerve Centres, or Ganglia, constitute the main subdivisions 
of the nervous system. In animals like the Centipede, 
these ganglia are very numerous, and distinct from one 
another; in others, such as the Grasshopper, several 
become fused at intervals, so that separate ganglia are 
less numerous ; while in Vertebrate animals, as we have 
seen, the fusion is carried still further. In the Fish, the 

* Something very like organic discrimination may occur in 
Plants. A writer in “Nature” (J une 20, 1870, p. 101) cites wliat may 
be regarded as an instance of this. He says : “ 'rhe Ivy Linaria 
grows on an old wall; its lloweis and the fin ver-stalks stand out 
for the sun and Insects to visit'^ho little ‘ snap-dragon.* But no 
sooner dbos the corolla fall than the peduncle begins to curve in- 
wards to the wall, and usually contrives to tuck its seed-vessel well 
into the brickwork again.*’ An action like this may perhaps be 
the result of an.^organic impulse or tendency fostered, if not engen- 
dered, by ‘ natural selection.* And as the observer intimates, there 
are certain obvious relations between mch a process and some of 
the instinctive actions of animals in connection with ovi-position. 
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Eeptile, and other Vertebrates, the separate ventral gan- 
glia of the Centipede are rejircsented functionally by a 
continuous cord-like aggregation of fused centres, which 
occupy the median line in the dorsal aspect of the body. 

The lower the organism, the more independent is the 
functional activity of its several nerve ganglia, while the 
higher the animal in type and scale of organization, the 
more closely knit together arc the activities of these several 
parts of the nervous system. Even in Man himself, how- 
ever, we have frequent evidence of the independent action 
of more or less limited regions of the nervous system. 
This is the case, for instance, in winking, sneezing, 
coughing, swallowing, which are all of them reflex or 
‘ automatic ’ actions. The latter name has been given on 
account of the machine-like regularity with vi^iich such acts 
are performed — independently of all conscious guidance. 

The existence and mechanism of ‘ reflex actions * were 
first distinctly referred to by David Hartley in 1748; they 
were more definitely described by Prochaska in 1784 ; 
though it was Marshall Hall who, some fifty years later, 
first clearly recognized rand elucidated their real impor- 
tance. Since his time our knowledge of these actions has 
been widened in all directions by the labours of many 
physiologists. 

The fact that each Ganglion in one of the lower 
animals constitutes an independent centre for reflex 
actions, and that the movempnts to which it gives rise are 
always co-ordinated and adapt^f^e in their characters, was 
experimentally established by Duges. ^ 

This naturalist made some intcrestifig observations on 
the ‘ Mantis,’ a large insect having some resemblance to a 
Cricket which is very common in the south d¥ France and 
in Italy. The creature is notable for%i long, narrow, first 
thoracic segment to which are attached a pair of large and 
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powerful arms terminating with hooks, with which it is 
accustomed to seize and pierce its prey. When the head 
together with this first thoracic segment was excised, the 
body of the Insect, supported on its four remaining legs, 
resisted atteinpts made to overturn it, and at the same 
time agitated its wings and wing-cases. When, after this,, 
the head was detached from the first thoracic segment, the 
latter single and isolated tody segment afterwards showed 
signs of life by tlie continuance of ‘ re ilex actions ' of a pur- 
posive character for more than an hour. When touched, 
it moved its arms, turning them towards the finger of the 
experimenter, and even nipping it strongly. 

These were actions of much the same kind as would 
have been exhibited towards a Fly or other prey, if the 
segment had farmed part of an entire Mantis. In such a 
case, the movements would, doubtless, have been, to some 
extent, consciously instigated through the Brain of the 
animal. The above-mentioned experiment, however, sliows 
conclusively that the movements of the arms and claws 
which were seen when the thoracic segment was severed 
from the head, must have been exeepted through the inter- 
vention of the single bilobed ganglion, together with the 
afferent and efferent nerves which the segment contains. 

Dr. Carpenter says “If the head of a Centipede bo 
cut off whilst it is in motion, the body will continue to 
move onwards by the action of its legs ; and the same will 
take place in the separate parts, if the body be divided 
into several distinct portion^. After these actions have 
come to* an end- they may be excited again by irritating 
any part of the ne^e centres, or the cut extremity of the 
nervous cord. The body is moved forwards by the regular 
and successive action of the legs, as in the natural 
state ; but its mo^ments are always forwards, never 
* “ Mental Physiology,” 3rd E«.lition, p. 53. 
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backwards, and are only directed to one side when the 
forward movement is checked by an interposed obstacle.*’ 
If we look now to such reflex movements as are com- 
monly manifested by one of the higher animals — a Frog, 
for instance — wo shall meet with the same machine-liko 
regularity in the execution of motor responses to ordinary 
stimuli, the same semblance of an intentional effort to 
accomplish a certain end — even when the animal has been 
deprived of its Brain, and when the movements are there- 
fore as involuntary and unconscious as those of the thoracic 
segment of the Mantis above referred to. 

After the head and neck of a narcotized Frog had been 
reiiKjved, Vulpian* slightly pinched a toe of one of the 
stretched-out hind limbs, and observed, as others have 
donp, tliat this stimulus was quickly folio w^ji by a flexion 
of all the segnicjiits of the limb upon one another. The 
same result constantly followed the application of such a 
stimulus, and as Vulpian points out: — “It is not an 
indefinite reaction. All the muscles do not contract ; for 
if it were so, there would be forcible extension of the limb, 
as in strychnia poisoning, since the extensor muscles in 
the frog are together much stronger than the flexors, 

Here, on the contrary, a certain number of 

muscles only contract, while the others remain more or 
less inert. There is a contraction of muscles combined in 
such a manner as to produce a particular result, and the 
result of these harmonized contractions is to withdraw the 
limb from the exciting cause.’*^ 

A much stronger excitation applied to due of thfe hinder 
paws of tliis headless Frog will lead to %« different reaction, 
but still to one which is always the same under similar 
conditions. W e no longer witness a moven^ent of flexion 
in the limb that has been touched, tut both it and the 
* “ La Physiolgie du Systeme Nerveux,” p. 415. 
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corresponding limb are suddenly extended ; and ‘‘ this 
movement of the two legs is,” as Vulpian says, that 
which is most appropriate, either to repel the cause of 
irritation or to shoot the animal forward, and so remove 
it from the influence of the irritating agent.” 

Again, if the skin of the side of the body is slightly 
pinched in a headless frog, the foot of the hind limb on 
the same side is brought up so as to endeavour to rub 
away the irritating agent. Here also we have a complex 
movement brought about by many muscles definitely com- 
bined and ada2)ted to obtain a certain result. Ihit the 
particular movements executed always vary in accordance 
with the site of irritation. Thus, a pinch at the posterior 
extremity of the trunk, evokes wholly dillerent movements 
from those just ^escribed. In this case, according to the 
same authority, ‘‘ There is a new combination of muscular 
contractions, by means of which the feet arc first brought 
towards the j^oint irritated and there j^ressed together, and 
then the limbs are suddcnly‘*extended, thus giving rise to 
tlie movement most suitable for repelling the cause of 
irritation.” 

In addition to the instances already cited there is the 
celebrated exj^eriment of Pfliiger still to be mentioned, in 
wJiich the reflex act evoked was so definite and jnirijosive 
as to leafl him to claim for the Spinal Cord a kind of con- 
scious percei)tive power, similar to that which physiologists 
generally restrict to the Brain. Ho jdaced a droj) of acetic 
acid on the uj^j^er part of th^^tbigh of a decaj^itated Frog, 
and the slfegmentil of the corfcs2;)ondirig limb were quickly 
flexed, so that the fo»t was luado to rub the seat of irrita- 
tion. He then amputated this foot of the headless animal 
before reapplymg the acetic acid. The result was most 
remarkable. The mf^iraed animal began to make fresh 
efforts to rub the irritated spot, but was unable to reach 
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it now that the foot was removed. After some moments 
of agitation, as if the brainless creature were seeking a new 
means of accomplishing its end, the motor stimulus flowed 
out in a difierent direction, causing the animal to bend 
the limb of the otlier side till with its foot it succeeded 
in rubbing the irritated region. 

Thus, as Vulpian says, — “ Each spot irritated acts as a 
kind of spring for calling into* play a mechanism which 
varies according to the 23oint excited, and according to the 
intensity of the excitation. But each mechanism that is 
called into play always determines a tendency to remove 
the region irritated from the irritating cause. Tlie elforts 
dillbr, tlie mechanism differs also, but both are always 
approi)riatc, and, as it were, chosen.” 

Multitudes of reflex acts having th(^ same general 
characteristics are quite familiar to us from their occur- 
rence in the higher animals and in man. Of these it 
may suffice to mention the closure of the eyelid before an 
ajqDi’oaching body, the rapid di-awing away of the paw or 
hand from injury, the throwing out of the arms in the act 
of falling, the movements of suction and deglutition 
following impressions* on mouth and throat, together with 
the acts of vomiting, coughing, and sneezing. 

It will have been seen that there are two distinct 
sides to the process which we have hitherto been consider- 
ing. We have to take into account what occurs on the 
side of ‘ ingoing currents,' in the nervous centre ; and 
also what occurs on the side of * outgoing curreiits.' The 
latter processes are the distinct sequ(iaices of the former ; 
and if we have inverted the proper order of description, 
and have referred more especially, in tha? first place, to 
the gradual growth ' f the power o£ performing adaptive 
movements, it is only because such an inversion of the 
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natural order has commended itself from the peculiarities 
of the facts to he explained. 

As to the existence or nature of the phenomena which 
take place on the side of the ingoing current in lower 
animals we can know nothing directly. We can only 
infer that processes of great importance occur on this 
side, because of the increasingly complex and purposive 
character of the movementil which higher or older animals 
become capable of manifesting. 

'file characters of the movements, therefore, are the 
objective facts, and it is only by an attentive study of 
them, and of the conditions under which they are mani- 
icsted, that we are entitled to come to an oj^inion as to 
the occurrence of organic discriminations on the side of 
the ingoing cu|reiit — as to the existence, in fact, of what 
W'e can only term ‘ unconscious cognitions.’ 


The increase in the numl^er and variety of the nervous 
impressions, both simultaneous and successive, to which 
Animal Organisms become attuned to react, takes place 
at a comparatively slow rate. The addition to the receptive 
powers of any one individual are only slight, and it is 
during the period in w^hich it is acquiring these powers 
that tiny corresponding structural changes will become 
more and more perfected, partly in the form of new or 
altered nerve cells, and partly by the formation of inter- 
cellular processes and connecting film s. And owing to 
the fact tiiat the germ or egj^ produced by an organism 
always tends to devi^jop into x form similar to that of its 
parent (similar that is not only in external shape but in 
the intimate t^ture and arrangement of its organs and 
tissues), the successivi? lineal descendants of any one kind 
of organism may in effect be regarded as portions of the 

M 2 



1C4 


RKFLEX ACTION AND 


same organism, gradually developing through successive 
generations or stages of one life history.^' 

The doctrine of ‘ Inherited Acquisition/ to the enuncia- 
tion and development of which we are so largely indebted 
to Herbert Spencer, explains, therefore, how it is that 
young organisms, only just arrived at maturity, are often 
better adapted, in some respects, to their surroundings 
than were their predecessors, hear or remote, at a corre- 
sponding age. Consequently, if during their lifetime 
again, or during that of their descendants, sonui furth(n- 
modes of impressibility (with corresponding powers of 
discrimination) become possible either in old or in now 
directions ; and if simultaneously there arises some new 
or altered capacity for acting in response to these new 
impressions, it will not be diflicult fo^ the reader to 
understand that this would constitute one important mode 
in which the nervous system slowly develops and becomes 
more complex. 

Thus it is that habitual oi* ** often recurring stimuli of 
new kinds are 2)resumod to be constantly leaving their 
traces in the plastic tissues of lower organisms, and 
inducing such structural modifications in them as tend not 
only to make the recurrence of similar im2>ressions more 
easy, but also to render the reception and recognition 
of new impressions more possible. 

Host of us must be familiar with the fact that by the 
concejitration of Attention in certain directions, aided by 
voluntary efforts, we are cap^le of increasing our powt'rs 
of Discrimination in the range of cither 6 f the sflises, and 

* The many influences capable of accelerating or retarding this 

kind of race development cannot here be even eni^eratcd. Siifhco 
it to say that some of the principal of them have been described 
and copiously illustrated by Mr. Darwi^ in his works on “ The 
Origin of Species/’ and on Sexual Selection.” 
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that each new acquirement renders possible other and 
more refined discriminations. .Tint there is reason to 
believe that, even without conscious voluntary efiforts, the 
same kind of progress (though more slowly) is capable of 
being brought about by the action upon the organism ot 
all the varying influences by which it is surrounded. 

The mode by which mere ‘ organic discriminations ’ are 
rendered possible may be, in part, illustrated by reference 
to the building up of the links between conscious dis- 
criminations and actions in higher organisms — such as 
Cepbalopods and Fishes. 

Particular attention must be called to the fact that 
each new impression which becomes registered is not 
something wholly ditferent from what has gone before. It 
is rather some* slight modification or refinement upon 
impressions which have preceded it, and just as it takes 
its origin in similar parts of the body, so would it naturally 
proceed to those same regions in the central nervous 
system to whieli preceding impressions of like kind 
bad been transmitted. The determining conditions and 
route by which the impression travels could scarcely be 
dilleront in the case of some new visual impressions, for 
instance, from '.vliat they had been in regard to all previous 
visual impressions. Thus the physical counterparts of 
like kinds of old and iicav impressions are almost neces- 
sarily brought into close relation with one another, and 
with ilie same sets of outgoing nerve fibres, however 
these latter may from time b%time be supplemented and 
modified Tin theh^ combinations. An organic continuity, 
in fact, is suj)posed ti lie at the root of impressions new 
and old, whereby they are classed at the same time that 
they become ol^anized. Intelligence would thus be sub- 
ject to actual ‘ growth ’ in mor^^ senses than one. The 
process is of course notably more complex than it is here 
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represented. Some of the essential complications of tlia 
process are, however, of an obvious nature. 

It is not only that impressions of touch become organi- 
cally related to other impressions of the same kind, that 
visual impressions become classed with visual impressions, 
and so on. Unions also would seem to spring up in some 
less explicable way between central nerve units of dificreiit 
orders — that is, between contiguous sensory ganglia. Thus 
if in the experience of any organism, such as a Cuttle- 
iish, visual impressions are usually quickly followed by 
tactile impressions, it would seem for various reasons to 
1)0 almost certain that communicating fibres wouhl become 
developed between corresponding portions of the visual 
and tactile ganglia, and any motor response that might 
follow would thus be cither directly or iulircctly related 
to foci of excitement in both these sense centres. In the 
same manner the odour from some Cod-iish, or other 
object of prey, may reach the voracious Shark either before 
the object is seen or simultaneously, and these two im- 
pressions will, in a very large number of cases, be followed 
by certain tactile ami by certain gustatory impressions. 
The first impressions become related to and may find an 
outcome in the 2)roduction of movements of jmrsuit ; while 
those engendered during the jiroccss of capture (viz., of 
touch and taste combined) immediately call into play the 
complicated simultaneous and successive movements of 
jaws, throat, oeso2)hagus, and stomach, which form part of, 
or are accustomed to succeedp the act of swallowing. 

From what has been said in thts chapter, it may bo 
safely concluded that as, by the frequent repetition of like 
stimuli, the structural connections of nei^e currents (or 
the precise paths oi ingoing impressions through nerve 
centres and ahmg outgoing nerve fibres) are develoj)ed and 
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rendered definite, so certain appropriate actions will follow 
certain impressions with unfailing regularity and precision. 
There goes on, as it were, an organization of ^Intelli- 
gence ’ primarily of the organic or unconscious kind, which 
is the hidden cause of the purposive character displayed 
by so many movements. 

We say that the process is primarily of the organic 
or unconscious type, because one may witness even 
in Medusae and in organisms only a little above them 
actions of a purposive type in response to stimuli acting 
upon different parts of their bodies. And it is difficult 
to believe that the Neural Developments in such creatures, 
by means of which the several motions follow in response 
to the several stimuli, can have been brought about under 
the influence ^f any distinct ‘ conscious ’ guidance. We 
have here, doubtless, to do with ‘ organic processes ’ only 
a few degrees more complex than those which may take 
place in a Sun-dew or other ^ Sensitive Plant.' 

Organic processes of tho^ same kind possibly constitute 
the basis or starting point for all subsequent neural de- 
velopments and Mental Acquisitions, even when in higher 
animals such processes become quickened, in some 
further unknown manner, under the directive influence of 
Conscious Efforts of gradually increasing distinctness. 



CHAPTER XIT. 

SENSATION, IDEATION, AND PERCEPTION. 

Neurology may be advantageously studied by beginning 
Avitli tlie investigation of tlie simplest and earliest forms 
of the Nervous System, and thence proceeding to examine 
its more and more complex types. A wholly dilferent 
order is, however, compulsory, in regard to Psychology. 
Its * subjective’ division constitutes for each of us the 
sphere of positive knowledge in regard to this subject ; 
while that portion of * objective ’ Psychology having 
reference to the mental states or processes of our fellow- 
men has the next greatest amount of certainty for us — 
since the human faculty of Articulate Speech enables 
us to compare, to some extent, the subjective experiences 
of other men with our own. 

Objective Psychology, so far as it relates to inferior 
forms of life, is merely a field for more or less probable 
conjecture, in which the basis of certainty diminishes the 
further we depart from the human type. Knowledge 
garnered from our own experiences and those of our 
fellow-creatures affords, as it *I'ere, the lamp wherewith wo 
seek to illuminate the dark places of animal Psychology. 
Hence it is necessary for us in the first place, before 
attempting to consider the mental processes of lower 
animals, to look to some of the fundamental facts per- 
taining to human Psychology. The previous consideration 
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of ‘Keflex Action and Unconscious Cognition,’ will bo 
found to be a fully justifiable procedure, and it was equally 
desirable that its consideration should have been prefaced 
by an enquiry as to the scope of ‘ Mind ’ and the nature 
of mental plienomcna. 

Descartes, Leibnitz, Spinosa, and other philosophers 
have, as Sir William Hamilton reminds us, been led to 
regard “ the fiiculty of Cognition as the fundamental 
power of mind from whicli all others are derivative ; ” 
while Condillac and his school attributed this rank to 
Sensation rather than to Cognition, and similarly derived 
all other mental faculties from this as a base or starting 
point. 

It would not bo in accordance with the point of view 
of Evolutionii^s to say that either of those faculties could 
generate all the others. If we grant it to be true, that one 
or other of them — either Cognition or Sensation — does, 
in fact, constitute the primary manifestation of mental 
activity, we should rather 5ay, that as the nervous actions 
upon which the mental process is depcuident grow more 
complex, so may other so-called ‘ faculties ’ of mind be 
gradually engendered as related phases of the same neu- 
rological activity, and marked by a growing tendency to 
become more and more distinct from one another. 

As th which of the mental modes or manifestations is 
to bo regarded as primary, there seems to us to be little 
room for doubt. Hamilton truly observes* : — “ The 
iaculty of knowledge is cer^inly the first in order, inas- 
much af it is tlji conditio sine qua non of the others ; and 
we are able to conctive a being possessed of the power of 
recognizing existence, and yet wholly void of all feeling of 
pain and pleasure, and of all powers of desire and voli- 
tion. On the othe^ hand, wo are wholly unable to con- 

* “Lectures on Metaphysics.” Fifth Edition, vol. i., p. 188. 
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ceive a being possessed of feeling and desire, and, at the 
same time, without a knowledge of any object upon which 
his affections may be employed, and without a conscious- 
ness of these affections themselves/^ 

Some highly significant facts have, indeed, already been 
mentioned, tending to show that mere organic discrimina- 
tions or Cognitions may bo manifested by plants, lower 
animals, or even parts of animals under conditions in 
which it is not warrantable to assume the co-existence of 
anything like that which we know as Consciousness or 
Feeling. We have seen some and shall find more reason 
for believing that Feeling, in its ordinary acceptation, is 
gradually superadded, in higher forms of animal life, as 
a newly-begotten accompaniment of nerve actions whicli 
hitherto, in lower forms, have been unendowed with any 
distinct subjective phasis. At first we may have the exist- 
ence of unconscious impressions and mere organic dis- 
criminations ; while afterwards, during the evolution of 
the animal series, and consequently of nerve centres, wo 
suppose the superaddition to some nervous actions of a 
more and more definite subjective phasis, answering to 
lower grades of what each of us knows in himself only — 
during processes of Sensation or Perception more especially. 

We must now look, from our human point of view, to 
what is included under these latter terms. James Mill 
says,* — “What we commonly mean when we use the 
terms Sensation or phenomena of Sensation, are the 
feelings which we have by th^^five senses — Smell, Taste, 
Hearing, Touch, and Sight. These are if^ie feeliflgs from 
which we derive our notions of what we denominate the 
external world — the things by which wo are surrounded. 

When we smell a rose there is a particular 

feeling, a particular consciousness, dictinct from all others, 

* “ Analysis of the Human Mind,” 1829, vol. i. pp. 3 and 7. 
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which we mean to denote when we call it the smell of the 
rose. In like manner we speak of the smell of hay, the 

smell of turpentine, and the smell of a fox 

We can distinguish this feeling, this consciousness, the 
sensation of smell, from every other sensation. Smell 
and Sound are two very different things ; so are Smell 
and Sight. Tlie smell of a rose is different from the 
colour of the rose ; it is also different from the smooth- 
ness of the rose, or the sensation we have by touching the 

rose In all these cases what wc speak of is a 

l)oint of consciousness, a thing which wo can describe no 
otherwise than by calling it a feeling ; a part of that 
scries, that succession, that flow of something, on account 
of which we call ourselves living or sensitive creatures. 

Th# feelings, however, which belong to the ffvo 

external Senses are not a full enumeration of the feelings 
which it seems proper to rank under the head of Sensa- 
tions, and which must be considered as bearing an 
important part in those coiixplicated phenomena which it 
is our principal business in this inquiry to separate into 
their principal elements and explayi. Of these unnamed 
and generally unregarded smisations, two princij)al classes 
may be distinguished : — first, Those which accompany 
the tmtion of the several Muscles of the body ; and 
secondly, those which have their place in the Alimentary 
Canal [and other internal Viscera].” 

This explanation of the word Sensation is clear and 
leaves room for no uncerttil^ity. The term is seen to be 
interchan geabm with the word Feeling, although the latter 
has a wider signifiSatioii and is applicable to every modi- 
fication of Consciousness whatsoever. For instance, wo 
are said to^eel excited or depressed, we feel fearful or 
confident, we feel jiy and sorrow, we feel love and hatred 
—though these various emotional or moral states are 
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somotimes distinguished from our more primary and 
simpler feelings by calling them ‘Sentiments/ 

In addition, however, to the ‘simple’ Sensations experi- 
enced through the activity of the organs of any one sense, 
we are capable of experiencing clusters of simultaneous 
sensations from some external object. It is in part 
by the differences existing between such clusters of sen- 
sations that we are able to distinguish ‘ external objects* 
from one another. Each cluster may be said for the 
present to answer to a kind of ‘ complex ’ Sensation, and 
this we are accustomed to denote by the name of the 
corresponding object. A qualification of this statement 
will, however, sulisequently be needed. 

James Mill says, — “ The name rose is the mark of a 
sensation of colour, a sensation of shape, a sensation of 
touch, a sensation of smell, all in conjunction. The 
name water is the mark of a sensation of colour, a sensa- 
tion of touch, a sensation of taste, and other sensations, 
regarded not separately but as a compound.” But as the 
same writer adds : — “ We not only give names to clusters 
of sensations, but to flusters of clusters ; that is, to a 
number of minor clusters, united into a greater cluster. 
Thus we give the name ‘ wood ’ to a particular cluster of 
sensations, the name ‘canvas’ to another, the name ‘rope* 
to another. To these clusters, and many others, joined 
together in one great cluster, we give the name ‘ship.’ To 
a number of these great clusters united into one we give 
the name ‘fleet’ and so on. Ho^* great a number of clusters 
are united in the term ‘house’ ? And ho\^ many more in 
the term ‘city ” ■* 

But another term must now be defined. A Sensation, 
whether ‘ simple ’ or ‘ complex,* which has oface been ex- 
perienced is, as wc all know, apt to pefsist or to be revived 
ill memory. On this subject, again, James Mill writes ; — 
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It is a known part of our constitution tliat when our 
sensations cease, by the absence of their objects, some- 
thing remains. After I have seen the sun, and by shut- 
ting my eyes see him no longer, I can still think of him. 
I have still a feeling, the consequence of the sensation 
which — though I can distinguish it from the sensation and 
treat of it as not the sensation, but something difterent 
from the sensation — is yet more like the sensation than 
anything else can be ; so like that I call it a copy, an 

image, of the sensation Another name by 

which we denote this trace, this copy of the sensation, 

which remains after the sensation ceases, is Idea 

The word Idea in this sense will express no theory what- 
soever ; nothing but the bare fact, which is indisputable. 
Wo have two glasses of feelings : one, that Avhich exists 
when the object of sense is present ; another, that whicdi 
exists after the object of sense has ceased to exist. The 
one class of feelings I call Sensations, the other class of 
feelings I call Ideas. . . ? . . As each of our senses has 
its separate class of sensations, so each has its separate 
class of ideas. We have ideas of^ sight, ideas of touch, 
ideas of hearing, ideas of taste, and ideas of smell.” 
These copies of scnsalioiis may recur singly or in 
clusters, so that they, like Sensations, are and have been 
long Classified as ‘ simple ’ and ‘ complex.* For the pro- 
cess of recurrence itself, which of course varies much in 
complexity, James Mill proposed the term Ideation. 

But In refe/fung to tln^ sensations derived from, and 
the realization of Hie nature of, an ‘ external object,* we 
have passed beyond the rangii of ‘ Sensation proper,’ and 
have encroafhed upon wliat is commonly considered as 
‘ Perception p^’operi The full meaning and explanation of 
this statement wdll become plain if we briefly consider the 
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order in which our Sensations and Ideas occur, and tho 
modes in which they combine with one another. 

With respect to the order of our Sensations, it is obvious 
enough that, to a considerable extent, they occur accord- 
ing to the order established among what we call the 
objects and' phenomena of nature ; and that these are 
divisible into two categories : — (1) the synchronous order, 
and (2) the successive order. As' James Mhl says : — ‘‘The 
synchronous order, or order of simultaneous existence, is 
the order in space ; the successive order, or order of 
antecedent and consequent existence, is the order in time. 
Thus the various objects in my room, the chairs, the 
tables, the books, have the synchronous order, or order in 
space. The falling of the spark and the explosion of 
gunpowder have the successive order, or ordpr in time.” 

Wo habitually receive, therefore, synchronous Sensations 
from external objects co-existing in space, and we as 
habitually receive trains of successive Sensations follow- 
ing one another in time. And' as Ideas are merely weak 
copies or revivals of Sensations, it is only natural to 
expect that they would, as they do, derive their order in 
the main from that of our sensations. On this head 
Herbert Spencer* remarks, — “ the iiersistence of the con- 
nection between states of consciousness is proportionate 
to the persistence of the connection between the agencies 
to which they answer. The relations between external 
objects, attributes, acts, are of all grades from the 
necessary to the fortuitous, ^^'he relations between the 
answering states of consciousness must tnmilarty be of 
all grades from the necessary to the fortuitous.” 

Now it so happens that of the objects from which we 
derive the greatest part of our sensations, isjost of those 
which are observed synchronically aretfrequently observed 
♦ “ Principles of Psychology,” vol. i. p. 448, 



CitAP. XTI.] 


AND PERCEPTION. 


175 


syncbronically ; most of those which are observed succes- 
sively are frequently observed successively/’ * But the 
etlects of such repetitions of Sensations, ‘ associated ’ by 
their occurrence either ‘‘ precisely at the same instant of 
time or in the contiguous successive instants,” and 
whether referring to the same object or to different ob- 
jects, were clearly enunciated nearly a century and a half 
ago by Hartley in his celebrated ‘ Doctrine of Associa- 
tion.’! He then laid down the following important law 
of Mind : — ^*Any SensationSy AyByC, dc., hij hv/iny asso- 
ciated with one another a sufficient Number of Times, get 
such a Power over the corresponding Ideas, a, b, c, dc., 
that any one of the Sensations A, when impressed alone, 
shall be able to excite in the Mind />, c, do., the Ideas of 
the restT JVL'uscular Motions were also shown by 
Hartloyl to exhibit a similar tendency to cohere with 
Sensations and Ideas, and ‘‘the whole doctrine of asso- 
ciation ” was comprised by him in a ‘ theorem ’ to that 
effect, almost precisely similar to what has been re-aflirmed 
and fully illustrated in our own time, by Alexander Bain, 
as ‘ The Law of Contiguity.’ 

Hartley, moreover, showed that Simple Ideas will run 
into complex ones, by means of Association ; ” and on this 
head James Mill says : — ‘‘ Ideas, also, which have been so 
often *^cou joined that whenever one exists in the mind the 
other exists along with it, seem to run into one another, 
to coalesce, as it were, and out of many to form one idea, 
which idea, however, in reality comi>iex, appears to be no 
less sifhple tlAn any one of those of which it is com- 
pounded. . . . Thfc word ‘ gold,’ for example, or the word 
‘iron,’ appears to express as simple an idea as the word 

* James Jtill, loc. cit., p. 55. 

t “ Observations <91 Man.” Sixth Edition, 1834, p. 41. 

J Loc. cit., p. 65. 
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‘ colour ’ or the word ‘sound.’ Yet it is immediately seen 
that the idea of each of those metals is made up of the 
separate ideas of several sensations : colour, hardness, 
extension, weight. Those ideas, however, present them- 
selves in such intimate union, that they are constantly 
spoken of as one, not many. We say, our idea of iron, 
our idea of gold ; and it is only with an effort that reflect- 
ing men perform the decomposition.” 

Ideas fuse themselves in this manner into clusters, or 
complex ideas, because, being only repetitions or weak 
coi)ies of sensations, they are reproduced in the same order 
as the sensations. And the Sensations in question habitu- 
ally occur in clusters because the ‘ external objects ’ to 
which they correspond usually impress the organism sim- 
ultaneously through different senses. Thqs it happens, 
according to the law above cited from Hartley, that when 
any one constituent of a natural cluster of sensations 
comes within the range of the corresponding sense organs 
of an animal, the other j^ossible ‘impressions composing the 
cluster (and representing the organism’s knowledge of the 
external object) become simultaneously nascent in memory, 
so that the object is perceived or recogiiizcd. If in a dark 
room my hand comes upon an orange or upon a book, 
either of these sensations of touch will immediately fuse 
with nascent ideas of other possible sensations from the 
same object (whichever it may be) so that this object is 
])erceived as a present external reality. This, then, is tho 
nature of the process known as. Perception : in which we 
have a present sensation linMng itself tindissoftibly by 
‘ association ’ with a complex idea derto’ed from our past 
experiences with similar objects. It is not, as James Mill 
imiflies, the appreciation of a mere ‘ cluster erf sensations. 

Thus it happeiis that an object recognized imme 
diately or intuitively, not so much by the mere single o ' 
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double present impression, as by the blending of tliis 
with more or less fully revived memories of other impres- 
sions which have at various times been associated with 
the same object. Truly enough, as Bain says : — “ When 
we see, hear, touch, or move, what comes before us is 
really contributed more by the mind itself than by the 
present object.” 

Diltercnt Perceptions, as' the reader will easily under- 
stand, vary immensely in the complexity of their contents. 
This (piality is always strictly dependent upon the wealth 
of antecedent experiences in relation to any object present 
to sense, both in the individual itself and in the race 
from which it has been derived. The natural simpli- 
city or complexity of the object perceived is also, of 
course, of grcj^t importance. The possible impressions 
comprised in the perception of a bar of ‘ iron ’ are 
naturally few in comparison with those which may be 
included under the perception of a ‘ house.’ Still, the 
same object may in diflcrelit men excite perceptions of 
quite a dilferent nature. A sjivage who has never seen 
gunpowder before would, for instance, have a set of 
notions called up by the sight of it, which would not at 
all correspond with those of an educated European who 
well knew its composition and properties. To the one it 
would ilppear as a black powder, and he would perceive it 
more or less simply as such. The perception of the same 
substance by the European, however, would be much 
more complex, containing nmre or less fully revived ideas 
as to its* nature^ together with half-nascent memories of 
the various kinds of effects which it is capable of pro- 
ducing by explosion. 

A neuro-ph]fBiological interpretation of Perception will 
bore serve more fullyfto elucidate this important process, 
and show its harmony with what has previously been 
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said in regard to the functional activity of the Nervous 
System, 

It is only in comparatively low organisms, or in some ol 
the nerve actions of higher organisms, that ingoing im- 
pressions would impinge upon a more or less isolated 
group of nerve-cells, and be thence transmitted to other 
cells and along outgoing fibres to groups of muscles. This 
is what occurs in the simplest kinds of ‘ reflex action.’ 
But just as complications seem almost inevitably to spring 
up on the outgoing side, in the form of new nervous 
connections between groups of motor colls (serving to ren- 
der possible those complex simultaneous and successive 
movements seen in the more elaborate ‘ reflex actions ’ of 
the Frog and other animals), so in the^ manner briefly 
indicated in the last chapter, will analogous structural 
complications siDring up in the highest nerve centres on 
the side of ingoing currents. Here connections become 
established between the organic mechanisms concerned 
with the passage of simultaneous or successive impressions, 
excited by objects in the outside world. 

Thus, in relation with the most familiar * external ob- 
jects,’ a connected internal symbolic register of their attri- 
butes and relations is gradually established in the Brain. 
There is an opening up, in some habitual but imperfectly 
understood manner, of a series of interconnecting channels 
or fibres between particular cells in each of the impressed 
Sensory Centres and all tl^ others. This would always 
occur in accordance with a nxed plan (jfe 166). ^ 

When, therefore, an external object is ‘ perceived ’ by 
any animal having developed sense-organs, an irapres don 
upon one or more of its sense-centres s5&ffices to rouse 
into simultaneous conjoint activity |Qot only these but also 
other centres ip parts of the brain which have previously 
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been called into action when an object of the same kind 
had been presented. It is, therefore, by the simultaneous 
consciousness and fusion, as it were, of the subjective 
sides of various new and old impressions that a present 
object is ‘perceived,’ or recognized. It could only be 
by the previous establishment of structural communica- 
tions between the several related sensory cells, that the 
excitation of those of any one order would suffice to revive 
more or loss strongly in other grouj^s just such molecular 
cliangcs as like objects had on pi*evious occasions excited. 
And it may be easily understood that the molecular 
movements initiated by any one or two ingoing sense 
impressions, may start from such groups of cells and 
thence flow over into all communicating channels be- 
tween them ami the cells of other related groups — ^_just 
as outpoured Avater from some overfull lake or reservoir 
would flow easily through any sot of connected channels 
^vhich might have become established around it. TJie 
more definite the nervous paths, and the more frequently 
they have been traversed by stimuli, the easier will it be 
for molecular movements (as it woul/l be for water, in the 
illustration given) to flow along such channels when the 
next occasion arises. 

Somg such process as is above indicated would seem 
to correspond physically with what is known as an act 
of Perception. As the writer has elsewhere* pointed 
out, one of the princij)al features of such an act is that it 
tends to associate, as it w’er% into one state of conscious- 
ness mucli of th(j knowledge which has been derived at dif- 
ferent times and in dftforont ways concerning any particular 
external object. When impressions from such an object are 
nude upon aif^ sensory nuclei, they strike first upon the 
corresponding ‘ pcrce|Hive centr s ’ in the cerebral liemi- 

* “ The Physiology of Thinking.** — Prit. Med. Tourn.,” May, 1869. 

N 
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spheres and thence immediately radiate to other percep- 
tive centres, there to rouse the activities of functionally 
related cells. This process takes place with such rapidity 
that the several excitations are practically simultaneous, 
and the combined effects are fused into one single act 
of Perception. Thus, I see an orange at a distance ; 
this, as an object of visual sense, is simply a rounded 
yellow area ; hut past experience has led me to laiow wlnit 
are the tactile and muscular sensations usually associated 
with the sight impressions — how it is really a spherical 
body, with a somewhat rough surface. Then I have 
learned, also, that these impressions are usually associated 
with a certain odour, with a certain taste, a degree of 
succulenc(', and certain internal visual characters, includ- 
ing a divisibility into segments and the possible prescuico 
of seeds within. A combination of any of these, or of a 
host of other revivable impressions, may go to constitute 
my ^perception ’ of an orange, and may flash into consciouB* 
ness more or less simultaneoftsly, on the presentation of 
the object to the visual sense. 

« 

If we now turn our attention to another aspect of tlic 
question, and look to the notable differences existiujJ 
between different kinds of Sensations, it will gradiuill} 
be made plain that these are mjirkcd off from siiupk 
and complex Perceptions by differences of degree rathet 
than of kind, and also that Emotion and Intellect are, in 
their rudimentary phases, ^liko inseparable even from 
simple Sensations. ^ 

Professor Bain says, — “ Some Sensations are mere 
pleasures or pains, and little else ; such are the feelings of 
organic life, and the sweet and bitter tasffes and odours. 
Others stretch »iway into the regioi®3 of pure intellect, aiii 
are nothing as regards enjoyment or sufl’ering, as, 
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example, a great number of those of the three higher 
senses.” This difference is more fully explained when he 
says, '^If we examine the sensations of organic life, Taste, 
and Smell, we shall find that, as regards pleasure and pain, 
or in the emotional point of view, they are of great conse- 
quence ; but that they contribute very little of the pei- 
liianent forms and imagery emj)loycd in our intellectual 
processes. This last function is mainly served by Touch, 
] tearing, and Sight, which may therefore be called thelntel- 
Ic^ctual Senses by pre-eminence. They are not, however, 
thereby prevented from serving the other function also, or 
from entering into the pleasures or pains of our emotional 
life.” 

In what is above said the imiiortaiit fact is implied that to 
every Sensation^there arc two sides, an ‘omotionar and an 
‘ intellectual,’ and that in some sense-impressions the one, 
and in some the other, predominates. 'J'his, in slightly 
ditferent terms (viz., the inverse proportion of Sensation 
and Perception), has been strongly insisted upon by Sir 
William Hamilton. In illustration the following passage 
may be placed before the reader. He saj^s : — “ If we take 
a survey of the Senses, we shall hnd, that exactly in 
proportion as each affords an idiopathic sensation more 
or less capable of being carried to an extreme either of 
}deasure or of pain, does it aftbrd, but in an inverse ratio, 
t)m condition of an objective perception more or less 
distinct. In the senses of Sight and Hearing, as contrasted 
with those of Taste and Sme^, the counter-propositions are 
precise aftd manffest ; and precisely as in animals these 
latter senses gain initheir o'ojcctive character as means of 
knowledge, do they lose in their subjective character as 
sources of pleasurable or painful sensations. To a Dog, 
for instance, in whon^ the sense of Smell is so acute, all 
odours seem, in themselves, to be indifferent. In Touch 
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or Feeling the same analogy holds good, and within itself; 
for in this case, where the sense is ditfiised throughout 
the body, the subjective and the objective vary in their 
proportions at different parts. The parts most subjectively 
sensible, those chiefly susceptible of pain and pleasure, 
furnish precisely the obtusest organs of touch ; and the 
acutest organs of touch do not possess, if ever even that, 
more than an average amount of subjective sensibility.” 

Sensation is, in fact, a complex rather than a simple 
mental process. It is invariably compounded of Cogni- 
tion and Feeling. 

That there is a discriminative or‘intellectuar side to even 
he most subjective of our Sensations is fully admitted 
by Hamilton and others. Any Sensation, however simple, 
can only be recognized as such — can only become an 
clement of our Consciousness, (a) by the simultaneous 
memory or revival of some past impressions, (b) by the 
intuitive recognition of their likeness or unlikeness to the 
present impression, and (c) by* the similar recognition tliat 
this is felt as in a certain place. This holds good even for 
Touches and Tastes which are habitually referred to 
some part of that inner circle of the Non-Ego, repre- 
sented by the organism’s own body. And in reference to 
such Odours, Sounds, and Sights as are referred to the 
outside world bej^ond the organism, it becomes plainly 
impossible to attem2)t to j)reservc any real distinction be- 
tween Sensations and Perceptions — since precisely the sanio 
mental j^rocesses are involved in both. Thus, according 
Sir William Hamilton, Perc^ition also iV “ an Assertorji 
Jiuhfmcnt, that within the sphere i^)f sense an object 
exists, and exists thus or thus conditioned,'' The number 
of the ^ conditions ’ may, of course, vary greatly, but without 
altering the real nature of the proce^. Indeed he subse- 
quently says, “ It is manifestly impossible to discriininr 
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with any rigour, Sense from Intellect ; and after calling 
attention to the similar opinion held hy Aristotle, adds 
these words, Sensitive apprehension is, in truth, only the 
recognition by Intelligence of the phenomena presented in 
or through its organs.” 

It seems plain, therefore, that a gradual transition may 
be traced between simple Sensations and the most elabo- 
rate Perceptions ; that thbre is a difference in degree, 
rather than in kind, between these two processes ; and 
that James Mill, in his Analysis of the Human Mind,” 
was not without justification ininaking no use of the latter 
term, and in speaking merely of ‘simple * and of ‘complex’ 
Sensations. Moreover, it must be steadfastly borne in 
mind, that in every complex Sensation (or Perception) of 
an external object, there occurs an embodied cluster of 
judgments and inferences, similar in kind to those which 
compose the basis of all Intellectual Action. Thus the 
notion that an intellectual element enters into the very 
groundwork of all Sensationk is so well founded as to make 
it not at all surprising that such an opinion should have 
been held alike by ancient and bymore^modern philosophers. 

It will be probably far less difficult for the general reader 
to acknowledge the fact of the close genetic relations 
existing between Sensations and those complex states of 
feeling known as Emotions, than for him to recognize the 
relationsliip, above pointed out, between Sense and Intel- 
lect. This is natural enough, because those who have not 
retlected or read much on^these subjects, are apt not 
adequatefy to apj^’eciate the importance of the Intellectual 
element in all Seniiitions, though they may have little 
difficulty in recognizing that Sensation and Emotion are 
merely different kinds of Feeling. It will not, therefore, 
at present, be nccestary to d^^ dl long upon this latter 
aspect of the problem as to the genesis of Mind. 
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We may safely assume it to be admitted, as a general 
truth, that Emotions of various kinds gradually mani- 
fest themselves and gain in strength, as the sensorial 
endowments of animals, and their relational correspondence 
with their environment, increase in definiteness and com- 
plexity. ‘ Pleasures ’ and ^ pains ’ soon begin to be realized 
as direct results of their various movements and sensorial 
activities, and from the traces' of these which survive in 
the form of nascent and clustered memories of many 
related sensations, those numerous, vague, but all-powerful 
modes of Feeling, commonly known as Emotions, take 
their origin, and often seem to increase in strength as 
the wealth of associations from which they are derived 
becomes organized and widened in successive genera- 
tions of animals. The revival of such vague clustered 
memories of ‘ pleasures ’ or ‘ pains ’ usually follows as a 
direct result of some Perception. An impression made 
upon some organ of sense may thence reverberate through 
the brain so as to produce a Perception of the correspond- 
ing object, and may simultaneously evoke some distinctly 
related Emotion.'^ 

This double or two-sided nature of Sensation, and the 
necessary development from it of the germs of Intellect 
on the one side, and of Emotion on the other, as from a 
common root, is a fact of the greatest interest from a 
physiological as well as from a philosophical point of view. 
We must perforce admit that every kind of Sensation haa 
two distinct though closely ro^,tcd sides, the one of which, 
as mere Feeling, reveals the mode of affection of fhe Efp i 
while the other, as Discrimination <Jr Cognition, reveals 
the relations and qualities of what we call the 

* On the subjec' of the genesis of Emotion, ^he reader may 
consult a chapter in Herbert Spencers Principles of 
chology/* vol. 1 pp. 481-494. 
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These two components exist in every Sensation, though, 
as Sir William Hamilton contends, in an inverse ratio. 
The formula of the one is I feel, the formula of the other 
1 know. The one is represented by what has been termed 
‘ Sensation proper,’ and, in its higher developments, by 
Emotions, and Moral Sentiments ; the otlier by ‘ Percep- 
tion proper,’ and, in its liiglier developments, by Judg- 
ment, Imagination, Conception, Keasoning, or the moro 
purely Intellectual Processes. 

There is, indeed, a third aspect of Sensation or Percep- 
tion, which has not yet been mentioned, tliough it seems 
to be one of great importance in helping to determine tho 
])c3vel()pmcnt of Nervous Structures, and the correlative 
increasing complexity of Mental Phenomena. This is to 
be found in that exercise of Volition or Will which enters 
into every Perception under the form of Attention. Nor 
must it be here forgotten that in still another way are 
Sensations related to Volitions. The pleasures and pains 
of Sense, either actually present or rcpresoitcd in Idea, 
seem unquestionably to constitute the subjective sides of 
those neural processes which most f^'equently issue in the 
so-called Volitional Movements. But this subject will 
be more fully considered in a later cliapter. 

It i^ of great importance, however, here to note that 
Intelligence, Sensation, Emotion, and Volition are mental 
processes, the primary stages of which are dependent 
^ipon, and inseparably connected with, ditferent modes or 
aspects of the functional aot^i^ity of the Perceptive Centres; 
and tluit this conclusion at which we have arrived is one 
which will bo found^to be quite harmonious with the dicta 

philosophers in regard to human Psychology, Thus 
Sir William flamiltori says^: — “ In every, the simplest, 
modifications of Miiil, Knovvle^ge, Feeling, and Desire or 
♦ “ Lectures on Metap)‘y ics,” vol. i. p. 188. 
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Will go to constitute the mental state ; and it is only by 
scientific abstraction that wc are able to analyze the state 
into elements which are never really existent but in 
mutual combination. These elements are found, indeed, 
in very various proportions in different states — sometimes 
one preiionderates and sometimes another ; but there is 
no state in which they are not all co-existent.’’ Similar 
views have been even more prorbinently urged by Herbert 
Silencer, and they are, moreover, fully in accordance with 
his general notion that ‘‘ the highest forms of psychical 
activity arise little by little out of the lowest, and cannot 
bo definitely separated from them.” 

But why, it may be asked, should progress be observed 
in the development of the Perceptive Powers and all that 
this includes, as we pass from lower to higher animals ? 
and what evidence have wo that the acquirements and sus- 
ceptibilities of one generation of animals are handed down 
to the next, to be by them improved upon and transmitted 
in turn ? These all-important questions now need our 
brief but earnest attention. 

Life is aptly described in general terms by Herbert 
Spencer, as ‘‘ the continuous adaptation of internal to 
external conditions,'^ Nerve tissues and organs are, as 
we have seen reason to believe, at once the result of this 
sorrespondence, and the means whereby it becomes organ- 
ically registered. And as mental phenomena are held to 
result from the actions of thi^ 5 egistering mechanism, they 
must necessarily show something of that fentinuity which 
exists in the mechanism itself. As tfte degree of corre- 
spondence between, the organism and its surroundings 
increases, the sura total of mental phenoijf^na must be 

e 

■* See “ Principles of Physiology,” vol. ii. pp. 512-516. 
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increased and modified in a manner related to the now 
developments and modifications taking place in the regis- 
tering mechanism itself. 

There must, therefore, from the very nature of things, 
always exist an organized continuity in the mental phe- 
nomena possible to organisms, quite independent of the 
nature of the phenomena themselves — that is, whether 
tliey be high or low, complex or simple. The mental 
processes, moreover, whoso nervous substrata are fully 
organized, would, in accordance with this view and with 
the doctrine of hereditary transmission, always represent 
what is most permanent or habitual in the experiences 
of the race. Mind thus truly becomes, and cannot bo 
otlier than, a faithful rellex of the vital relations and 
activities of the organism. 

The doctrine of ' Inherited Acquisition ' is not only 
widely applicable in explanation of the genesis of Mind in 
the animal series ; it suffices, moreover, to reconcile the 
adverse doctrines of the ‘ Transcendental ’ and the ‘ Em- 
pirical ’ schools of Philosophy. It shows that tlio former 
were right in a certain sense, in contending for the exist- 
ence of ‘ innate ideas ’ ; though, looked at from a larger 
point of view, it strongly tends to confirm the views of the 
experiential school of philosophy. All knowledge comes 
Irorn ‘ experience ’ — not from that of the individual, except 
to a comparatively small extent, but rather from that of the 
race. This in the main is transmitted, by the inheritance 
of the ancestral type of nervous mechanism, which, in pre- 
ceding c^ntlessf;enerations%as been slowly attuned to cer- 
tain modes of action^ and needs only the incidence of certain 
impressions to set it going. This is now no mere theory. 
In so far as i4 concerns Perceptions and Instinctive Acts, 
the doctrine may b(^ regarded as substantially proved — ► 
the highly intdresting observations and experiments of 
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Douglas A. Spalding^ in relation to the untaught Percep- 
tions, Emotions, and Motor Powers of Birds, having sup- 
plied a final confirmation which was needed. 

Many of Spalding’s observations were made upon young 
Chickens, some of which were carefully hooded as they 
emerged from the egg, and for two or three days thereafter, 
so as not to permit the incidence of any Sight impressions. 
The young lairds being then placed on a smooth white 
surface, sprinkled with some seeds and insects, the hoods 
were removed, and the creatures’ acts were carefully timed 
and duly recorded in a note-book. 


‘'Often at tlic end of two miimtca,” Spalding says, “they 
followed with their eyes the movements of crawling insects, turn- 
ing their head with all the precision of an old fowl. In from two 
to fifteen minutes they pecked at some speck or insect, showing 
not merely an instinctive perception of distance, but an original 
ability to judge, to measure distance, with something like infallible 

accuracy They never missed by more than a hair’s 

breadth, and that too, when the specks at which they aimed were 
no bigger, and less visible, than the small dot of an iJ* 


Here, in some detail, is an account of the doings of 
one of these chicks inwnediatedy after it was unhooded : 

“ For six minutes it sat chirping and looking about it; at the end 
of that time it followed with its head and eyes the movements of a 
ily twelve inches distant; at ten minutes it made a peck at its own 
toes, and the next instant it made a vigorous dart at the fly, which 
had come within reach of its neck, and seized and swallowed it at 
the first stroke ; for seven minutes more it sat calling and looking 
about it, when a hive-bee coming sufficiently near, was seized at a 
dart and thrown some distance, mufe disabled. ]^")r twenty minutes 
it sat on the spot where its eyes had been unveiled, without attempt- 
ing to walk a step. It was then jdaced on^rough ground, within 
sight and call of a hen with a brood of its own age. After stand- 
ing chirping for about 'a minute, it started off toipards the hen, 
displaying as k' en n ])erception of the qua^ties of the outer world, 

♦ “ Macmillan’s Magazine,” February, 1873. 
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as it was ever likely to possess in afterlife. ... It leaped over 
the smaller obstacles that lay in its path, and ran round the larger, 
reaching the mother in as nearly a straight lino as the nature of 
the ground would permit.*’ 

Experiments were also made with regard to the sense of 
Hearing. Chicks before they had fully escaped from the 
shell wore rendered more or less deaf by sealing their ears 
with several folds of gummed paper. Three of them were 
found, when thus treated, to ho so deaf, that they remained 
perfectly indiflerent to the voice of the mother, separated 
from them by only an inch board. After having been kept 
in a bag in a dark room till they were between two and 
tliree days old, the cars of these three chicks were uncovered, 
and, Spalding says, on being placed within call of the 
mother, hidden in a box, they, after turning round a few 
times, ran straight to the spot whence came what must have 
been very nearly, if not actually, the first sound they had 
ever heard.” These facts are, as lie adds, “ conclusive 
against the theory that, in* the history of each life, sounds 
are at first but meaningless sensations ; that the direction 
of the sounding object, together with all other facts con- 
cerning it, must be learned entirely from experience.” 

But just as young Chicks follow the call of their mother 
before j)hey have had any opportunity of associating that 
sound with pleasurable feelings, so do they, and other 
young birds, appear to be inspired, indepeiuhmtly of all 
education on their part, with an immediate Emotion of 
dread, or sense of danger, at the sight, or on first hearing 
the cry* of bir#s of prey, whose predecessors have been 
the natural enemicu of their predecessors. Thus, a young 
Hawk, able to take only short flights, was made to hover 
over a hen mith her first brood, then about a week old. 

“ In the twinklirig ^f an eye,” says Spalding, ** most of the 
oliickens were hid among grass and bushes. The hen pursued 
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it, and scarcely had the hawk touched the gronnd, about twelve 
yards from where she had been sitting, when she fell upon it with 
such fury that it was with difRculty that T could rescue it from 
immediate death. Equally striking was the effect of the hawk’s 
voice when heard for the first time. A young turkey which I had 
adopted wh(in chirping within the uncracked shell, was, on the 
morning of the tenth day of its life, eating a comfortable break- 
fast from my hand, when the young hawk, in a cupboard just 
beside us, gave a shrill chip, chip, chip. Like an arrow the poor 
turkey shot to the other side of the room, and stood there motion- 
less and dumb with fear, until the hawk gave a second cry, when 
it darted out at the open door, right to the extreme end of the 
passage, and there, silent and crouched in a corner, remained for 
ten minutes. Several times during the course of that day it again 
heard these alarming sounds, and, in every instance, with similar 
manifestations of fear.” 

Other most interesting observations arc cited concerning 
the Instinctive Acts of chickens, ducklings, and young 
turkeys, more especially in reference to their mode of 
seizure and disf^osal of food.* Facts aro not wanting, 
moreover, to show that the same kind of inheritance of 
mental and bodily capacities, and of likes and dislikes, 
obtains among higher animals. Instances of this will 
ho given in a subsequent chapter. f One, however, may 
here be cited. 

“ So old is the feud,” says Spalding, J “ between the cat and tho 
dog, that the kitten knows its enemy before it is able to see him, 
and when its fear caii in no way serve it. One day last month, 
after fondling my dog, I put my hand into a basket containing four 
blind kittens, tbroe days old. The smell my hand had carried with 
it set them puffing and shutting most comical fashioi^” 

Facts of the kind above cited cnablcui Douglas Spalding 
to deduce the following all-important conclusions - 
(1) That young chickens can display an intui%e Perception 

* “Macmillan's Magazine,” j)p. 287 and 2f<8. See pp. 211, 220. 
t ” Nature,” Oct. 7, 1875, p. 507. 
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by the Eye of the primary qualities of the external world, 
as well as an appreciation of the distance and direction of 
sounds on the occasion of the first exercise of the Ear ; 
(2) That chickens instinctively bring into action Muscles 
that were never so exercised before, and perform a series 
of delicately Adjusted Movements ending in the accom- 
plishment of a definite act — independent of any antece- 
dent experience, and, thdrefore, of any ‘ conception ’ of 
such act ; (3) That in the more important concerns of 
their lives animals are guided by Knowledge which they 
individually have not gathered from experience.’* 

Other facts illustrative of these truths will be found 
recorded in the chapter on ‘ Instinct.’ 

General Statement of Results. Our brief survey of 
the structure of Nervous Systems, in passing from their 
simplest forms to those possessed by Birds, has shown 
that they tend to become more and more complex as 
animals rise in the scale of organization. We have also 
seen reason for believing that the Mental and Motor 
phenomena, of which such organisms arc capable, show 
a similar tendency to increase in complexity. 

The increase in structural complexity is brought about 
by the g^rowth and development of nerve-tissues in the indi- 
vidual under the stimulus of sensory ^ experience ’ ; aided 
by the continuation, through the principle of heredity, 
of such new developments in succeeding individuals. By 
the more or less universj^ repetition of such processes 
along diRerent lines of development, slow structural pro- 
gressions have beeif achieved; and with them have arisen 
corresponding developments of function in the direction of 
Mental and Motor Phenomena. Just as, in the individual, 
the appearance of structure and the occasional mani- 
festations of new function have been coeval ; so the ‘ in- 
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heritanco ’ of any particular nervous structures carries with 
it the possibility of manifesting (on lit occasions) the func- 
tional activities with which such structures have previously 
been in relation in ancestral forms — whether these activi- 
ties have been concerned with more or less complex Mental 
Phenomena, or in evoking complex Muscular Movements, 

We have seen that the Nervous Systems in Invertebrates 
generally, are composed of Ganglia variously connected 
together, some of which arc in relation, by means of 
‘ingoing’ nerves, with impressible surfaces or special 
Sense Organs ; while others are in relation with Muscles 
and Glands through the intervention of ‘ outgoing ’ nerve 
fibres. Such surfaces and organs are, therefore, the inlets 
of all impressions by which the Organism attains a Know- 
ledge of, or, in other words, is brought into relation with, 
tlie External World. The celebrated phrase of the school- 
men , est in intellectu quod mn fnerit prim in sensu,* 
would seem, therefore, — so far as it is applicable at all — 
to be a mere truism for all letter animals, whose Brain is 
represented by a mere congeries of Ganglia in connection 
with impressible surfaces and more special Sense Organs. 

But we have seen how these Sensory Ganglia increase 
in size and tend to grow into closer relations with oiio 
another in higher Mollusks and in Insects ; how in Fislios, 
Reptiles, and Birds they undergo a still further develop- 
ment in each class — nay, more, how in these lo\ver Verte- 
brates certain new co-ordinating ganglia known as Cere- 
bral Lobes appear, in intin^,te structural relation with 
the several sensory ganglia, aiid which n^^ably iifcrease in 
their proportional size as we pass froiii Fishes to Reptiles, 
and from Reptiles to Birds, 

But let the reader also bear in mind whatehas been set 
forth in the pres^mt chapter — Ho\^ philosophers in all 
times have rejoguized that no Impressions or Sensations 
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can be realized without an accompanying Intellectual 
Activity, and that though such activity is simple and rudi- 
mentary, in the case of simple Sensations, it becomes 
more definite and complex with the increasing many- 
sidedness of the multiplying Perceptions of higher 
animals. He will then dimly see how an increase of 
Sensorial Activity in successive generations of animals 
necessarily involves a corresponding increase in Instinc- 
tive and Intellectual Activity, associated, as we shall find, 
with a growing wealth of Emotion and more than tlie 
germs of Volition. He will then, too, be able better to 
realize the full significance of the increasing development 
and the knitting together of the sensory ganglia which at 
first compose the ]3rain, and the subsequent appearance 
of separate organs, the Cerebral Lobes, in connection 
with each and all of them, in ^vhich the various substrata 
for Sensory Impressions may come into relation with one 
another, and in whicli, more especially, there may develop 
the structural correlatives •whose activity is associated 
with such Perceptions, Intellectual Acts, Emotions, and 
Volitions, as the several creatures are accustomed to 
experience or manifest. 

If w^e look, therefore, to the principles of ‘ heredity * 
generally^ and to such facts as have been disclosed by the 
observations of H. A. Spalding, it becomes manifest that 
the dogma of the schoolmen, already quoted, supported as 
it was by Gassendi, Hobbes, and later still by Condillac, 
i« no more true for individ^l animals above the lower 
gi’ades th&n it is#or man himself. Each organism does 
iiot acquire all its Knowledge by * experience ’ through the 
avenues of Sense — each inherits a complex mechanism, 
already attunei during the lives of a long line of progeni- 
tors to be affected ingcertain w^ays and to act in certain 
^odes. When, therefore, the phrase or dogma ^ nihil est 

0 
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in intellectu quod non prius fuerit in sensu ’ was being 
repeated some two centuries ago as an embodiment of the 
reigning philosophical creed concerning the ‘ Origin of 
Ideas,’ it was with justice that Leibnitz added — ‘ nisi 
intellectus ipse,* if we take this latter phrase, as we maj^, 
in accordance with Spencer’s luminous view, to represent 
the possibilities of intellectual affection and action be- 
queathed to an organism in thtf already elaborated nervous 
system which it inherits. Within this nervous system 
lie latent the creature’s ^ forms of Intuition,’ or ‘ forms of 
Thought,’ which need only the coming of appropriate 
stimuli to rouse them into harmonious action. It is the 
fact of the previous orderly organization of the structural 
correlatives of mental processes, which causes some degree 
of those modes of mental affection, known to us as Feeling, 
Intellectual Action, Emotion, or Volition, to be engen- 
dered even in the young untaught organism in response 
to suitable stimuli. 

Thus the several mental ‘ faculties ’ may be said to have 
been making their appearance, and gradually becoming 
more distinct, during the whole period in which a build- 
ing-up and organization of Nervous Systems has been in 
progress. 



CHAPTER XIII. 

CONSCIOUSNESS IN LOWER ANIMALS. 

Some of the common but elementary Conscious States of 
^len having been principally considered in the last chap- 
ter, we have now to turn our attention more particularly 
to such states in lower organisms and in members of the 
so-called ‘brute creation.’ 

At some stage in the complication of the nervous actions 
of lower organisms, as well as of brutes generally, there is 
good ground for inferring that the in-going molecular 
movements, which traverse herve fibres and thence diffuse 
themselves among related groups of nerve cells, give rise 
(in a way which is inexplicable) to wl^at we know and have 
just been considering as Feeling or Sensation. The mere 
molecular movements and changes in the nerve tissues — 
i*epresentijig ‘ impressions ’ in their purcl}^ physical asj^ects 
—are supposed to acquire, engender, or, at all events, 
hecome associated with certain subjective phases, answer- 
ing to what we call ‘ States of Consciousness.’ Though 
nothing can bo known as to ^le precise manner in which 
these sujfposed Conscious States arise, it seems to many 
to be a ‘ legitimate iifference ’ that a bond of kinship must 
exist between them and the molecular movements of the 
fibres and celte with which, as commonly admitted, they 
are in some manner Ultimately related. 

But the very existence in lower animals of any conscious 

o 2 
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states analogous to those which we ourselves experience, is 
a matter only of warranted inference. A word or two in 
explanation, and by way of comment, will make the truth 
of this statement more obvious. 

All States of Consciousness whatsoever, whether they 
occur under the guise of Sensations, Thoughts, or Emotions, 
are phenomena which each of us knows only for himself, 
and as existing in himself. I See around me fellow-beings 
who behave in many respects like myself, and from the 
fact of this similarity of behaviour, as well as from what 
they can tell me (by articulate speech), I am able, legiti- 
mately, to infer that these other beings are possessed of 
Feelings very similar to my own. This inference (with 
or without a full realization of its grounds) we each of us 
make, and though it has been long recognized by a few,^' 
it should bo more generally known that such an inference 
is based partly (a) upon our observations of the gestures 
or movements of our fellow-men, under circumstances 
with which we are ourselves 'familiar ; and partly (h) on 
our appreciation of the results of special classes of move- 
ments, by which Emotional Cries, Articulate Speech, or 
Written Characters are produced. These latter, vocal or 
graphic, results of special movements, are only interpret- 
able after prolonged ellbrts, during which wo learn to 
recognize the several Auditory and Visual Symbols, and 
associate them with corresponding objects, acts, states, 
ideas, and their relations. 

Though the conclusion that our fellow-beings are sentient 
creatures like ourselves, capable of Ft>eling, Thinking, 
Desiring and Willing, conies to mos-’ of us as a kind of 
intuition or self-evident truth, not requiring any proof, it 
is well that readers should know on whei grounds tlic 

* See Dr. W. Alisic a, art. “Instinct, Cyclop, of Anat. and 
Piiysiol.,*' vol. ii:. p. 27, 1839. 
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intuition really rests, in order that they may the more 
clearly recognize the only means by which it is possible for 
us to form an opinion as to the existence and nature of 
Conscious States in the various classes and tribes of lower 
animals. 

Of course the information obtained by us through 
Language (whether spoken, written, or printed) as to tlie 
Feelings and Thoughts of oiir fellow- men, is overwhelmingly 
greater and more certain than that derivable in other ways. 
J^ut it is precisely this most definite source of knowledge 
of which we are deprived in the case of the lower animals. 
In some of them we find only a more or less vague emo- 
tional or gesture language, of which we have examples in 
the cries, chirpings, or songs of Birds, and in the sounds, 
facial movements, and more general actions of Dogs, Apes, 
and other of tlie higher animals. But we have not even 
so much as this to reveal the nature of the subjective 
states of the great majority of animals.* 

What means have we th^n of forming an opinion as to 

* Though we are not able to understand very much of their 
language, it does not at all follow that ailimals of the same kind 
may not be able to make their emotional language understood by 
one another. Swainson says (“ Habits and Instincts of Animals,’’ 
p. 62): — ‘VNo attentive observer can have watched them without 
having perceived the mutual recognition of each other’s wants 
iiud feelings, which is implied both by voice, look, and action. In 
niaiiy cases, however, this communication is doubtless carried on 
in a way which we cannot comprehend, and by tones which we 
are at a ^oss to mterpret. those intonations in the voice, 

■which we may n^ be able to cf»tcb, are perfectly understood by 
the animals themselvife. It is wcJl known that the ewe and her 
lamb can distinguish each other even in the most numerous flock, 
and that when^eparated for a time and again turned loose into 
the field, the latter instantly recognizes the well-known voice of 
its dam, and skips jojiully up to her the instant it hears her 
bleat.” 
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the Feelings and degrees of Intelligence of the various 
representatives of the brute creation ? Our own experience, 
and what we believe to be that of other human beings, has 
to be taken as our guide and standard throughout. We 
must watch the movements of animals under particular but 
varying circumstances, in order to judge of their different 
emotional states, and of the degree of reason or instinct 
guiding their actions. But in the case of multitudes and 
multitudes of the lower organisms, their actions give us no 
occasion for inferring the existence of anything so complex 
as Emotion, Ileason, or even Instinct — it becomes a 
question rather as to whether there does, or does not, 
exist in them a mere vague ‘ sentience,’ such as might be 
included under the word Consciousness, in the ordinary 
acceptation of the term. 

The fact, therefore, that this method of inferential inter- 
pretation is the only one by which we can in any way form 
an opinion as to the Mental States of the Lower Animals, 
necessarily leaves us either altogether, or very much in the 
dark, as regards certain important questions to which 
reference must now be made. 

(1.) We are wholly unable to determine what degree of 
complexity the Nervous System must attain, before even 
the dimmest and most obscure subjective manifestations 
analogous to what we know in ourselves as Consciousness 
may result from the actions taking place in the principal 
nerve centre of an organism. We cannot, to take an 
example, at all definitely decide whether any of the nerve 
actions of the Oyster, or of the Earth-worm, ate, or are 
not, attended by subjective states or phases, akin even to 
our dimmest Sensations. Nor can we say whether any such 
subjective states accompany the nerve actions of many 
other organisms p^*esenting Nervou^ Systems of greater 
complexity, ’ 
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The highest ganglion of an animal, or that in which 
the most varied impressions are brought into relation with 
one another, is the part in connection with which the 
phenomena of Consciousness will be likely first to become 
nascent — as in higher animals it will be the part with the 
action of which the most vivid Conscious states are likely 
to be associated. On this subject, Herbert Spencer 
says :* — There cannot bo* co-ordination of many stimuli 
without some ganglion through which they arc all brought 
into relation, this ganglion must be subject to the influence 
of each — must undergo many changes. And the quick 
succession of changes in a ganglion, implying as it does 
perpetual experiences of differences and likenesses, consti- 
tutes the raw material of Consciousness.** 

The above-mentioned difliculty in ascertaining when 
Consciousness begins to manifest itself, of course implies 
a belief that Conscious States do not necessarily, as 
some have suggested, accompany all nerve actions. This, 
indeed, is a truth revealed* to us every day, since multi- 
tudes of nerve actions occur in ourselves and in our fellow- 
men without any appreciable subjectjve accompaniment — 
and it would be absurd to say wo are ‘ conscious ’ of what 
we do not appreciate. There is, as previously indicated, 
an habitual absence of sensation or feeling of any kind 
in conjunction with many reflex and other nerve actions. 

This inference as to the absence of a subjective side 
with many nerve actions, is allowed by nearly all ifiiysi- 
ologists to be strengthenec^by the occurrence of ‘ reflex 
movements,* following unfelt impressions, in persons with 
disease of the spinil cord — i.c., when this is of such a 
kind as to prevent the passage of nerve currents to or 
from the brai#. A similar conclusion has also been arrived 
at by many from a sti|dy of the results of experiments with 
“ Principles of Psychology,’* vol. i. p. 435. 
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Progs and other lower animals, in which the spinal cord 
has been completely cut across so as to prevent impres- 
sions reaching the brain. The adverse reasoning of 
G. H. Lewes and others would prove too much. It would 
warrant the belief that all nerve centres are seats of 
Conscious Sensibility ; and the acceptance of this view 
would easily lead to its extension, and soon make it 
almost impossible to deny a‘ similar attribute to the 
leaves of the Sun-dew and other ‘ sensitive ^ plants — or, 
indeed, to stop oven here. Endless confusion might thus 
be produced, without commensurate gain. 

A fairly legitimate conclusion has, therefore, been 
drawn, to the effect that not only do many nerve actions 
exist which are unaccompanied by Conscious States in the 
ordinary acceptation of the term, but that such nerve 
actions may evoke movements which are just as suitable 
and appropriate, as responses to the several antecedent 
impressions, as if the movements in question had actually 
been evoked under conscious* guidance. The fact that 
there is an apparent ^ fitness ’ in the movement which is 
made in consequence ^of, and as a response to, a stimulus, 
does not by any means alone entitle us to infer that the 
corresponding impression had a conscious side, or was a 
real Sensation. It may have been the case or may not. 
At all events, it should be recollected that the quality of 
fitness decidedly characterizes the motor responses to 
many nerve actions belonging to the ^ reflex ' category, as 
occurring in ourselves, an^ in which the antecedent 
impression has certainly not been attenSfed by any phase 
of Consciousness. Fitness of respAnse seems, indeed, 
as was pointed out in a preceding chapter, to be almost 
a matter of necessity for all nerve action^ which have 
been sufficiently ofton repeated — eve^ where they occur in 
simple organi‘:ms possessing only the most rudimentary 
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nervous systems, and where, therefore, conscious guidance 
may have been absent even at the time when the struc- 
tural correlatives of the movements were originally or- 
ganized. 

Yet, in spite of the acknowledged source of uncertainty 
in regard to this criterion, it must be confessed that we are, 
to a great extent (for want of any better guide), driven to 
look to this very quality of Mitness,’ in reference to the 
nature of actions and the impressions which instigate 
them, as our chief though very uncertain means of form- 
ing an opinion concerning the probable presence, amount, 
or kind of Conscious Intelligence in animals generally. 
We have to look especially to the range, complexity, and 
degree of adaptation of the movements to varying cir- 
cumstances and to unfamiliar conditions ; and we are 
accustomed, in addition, to look to the degree of develop- 
ment of the Nervous System in the animals under 
observation. 

(2.) The same kind of difficulty presents itself in an- 
other form, with regard to such aniiyals as Insects, Cepha- 
lopods. Fishes, Eeptiles, and Jiirds. These organisms aro 
so high in the scale of organization, as to leave almost no 
room foy doubt that some of their nerve actions are attended 
by Conscious States, but it is impossible for us definitely to 
decide, which aro, and which are not, so endowed. 

Two principal difficulties stare us in the face. First 
there is the necessity for tl^ caution on which we have last 
dwelt, in respe^ to drawing conclusions from the degree 
of ‘ fitness* iioticeaMe in the nature of the response ; and 
second, there is the further difficulty that our owm experience 
can only be Mken as a very uncertain guide. Impressions 
of certain kinds, whi|Ji, in ourselves, are no longer attended 
fiy Conscious States, may, nevertheless, be commonly accom- 
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panied by some such states in Cephalopoda and Insects, or 
even in lower Vertebrate forms. This, indeed, seems 
highly probable, judging from facts furnished by our own 
experience. Each one of us, after a little reflection, will 
recall the fact that many novel impressions or muscular 
movements, at first associated with a distinct consciousness 
of their performance, may, when they have been often re- 
peated and rendered facile by habit, after a time occur with- 
out arousing any kind of Consciousness. What has taken 
place, therefore, during our own individual development, 
probably has been occurring also to a much wider extent 
during the gradual development of the Nervous System, 
through the countless generations of animals, which, in 
past ages of the earth, have gradually been perfecting 
their relations with the sum total of their surroundings. 

It may thus well happen that impressions which in 
lower animals are commonly attended by Consciousness, 
gradually become in other higher animals (connected with 
them by descent and the boild of kinship) so habitual 
that they no longer arouse Consciousness. It seems not 
unlikely that somethpig of the kind may, in the course 
of long ages and with untold geiierations of animal 
forms, have occurred with certain of the most habitual 
and least varied of Visceral Impressions, and (though 
to a less extent) with other impressions emanating from 
contracting Muscles of all kinds. 

For in organisms of greater Sensorial and correspond- 
ingly increased Mental Activ||y, whose higher nerve cen- 
tres, by reason of these activities, beconJSi more*cngross- 
ingly occupied with vivid extrinsic iApressions, those of 
an habitual character which emanate from muscles or 
other internal parts Avould probably less and*> less engage 
the animaTs Attention or Consciousi^ss. The customary 
incitative or griding impressions will still impinge upon 
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higher nerve centres, and they may procure the continu- 
ance of definite muscular movements in response to mere 
unconscious nerve actions ; although, originally, the 
occurrence of similar responses could only have been 
ensured by the directive and constructive influence apper- 
taining to an undivided Attention or Consciousness. 

For such reasons as these we are robbed of all definite 
grounds for anything like correct inference, as to the 
degrees of ‘ sentience ’ accompanying the diflerent nerve 
actions of the countless hosts of lower animals. We 
have a fair warrant for inferring that, in the higher Mam- 
mals, Feeling is an appanage of the action of the same 
kinds of nerve centres as suflice to evoke it in ourselves — 
however different the Feelings of such creatures may bo 
in their \vealth of emotional and intellectual accompani- 
ments. But concerning the seats, so to speak, of the 
subjective states of animals lower than these, wo must 
necessarily remain very much in the dark. Wo should, 
indeed, find it difiicult to ‘disprove, even though we did 
not believe, the doctrine of Descartes, that they in common 
with others were mere unconscious automata. 

(3.) We are not entitled to conclude that the Sensations 
cxperieiy5ed by lower animals, through the intervention of 
their various sense-organs, have more than a general 
resemblance to the Sensations w^hich we experience,through 
the medium of what appear to be corrci.ponding organs. 

In some cases, indeed, cannot decide as to the pre- 
cise kin(f of senie endowment which pertains to an organ 
legitimately regardid as in some way sensitive. The 
impressions which the Nudibranch Mollusk receives 
through its iarge tentacles, or that the Insect receives 
through its antennae^ addition tu those of touch, may bo 
principally thoSe of smell — or they may be something 
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wholly clifFcrcnt. Kirby and Spence, for instance, believe 
it to be tlirou"li the medium of their antennoB that many 
Insects are enabled to perceive approaching alterations in 
the weather. Bees, tliey say, seem in some way to be- 
come aware of the approach of a shower, and hastily 
return to their hives in time to escape from it, when we 
may be able to perceive no indications of any atmospheric 
change. 

But, even apart from this possible existence of unkncwTi 
modes of seiitiency in some of the lower animals, enor- 
mous differences must exist in regard to tlie Perceptions 
derived through those channels of sense which are more 
or less analogous to our own. 

The actual nature and complexity of the Conscious 
and Cognitive States roused in animals by externiil objects 
will, necessarily, be influenced by two principal causeis. 
First, their qualitative nature (within the sphere of each 
sense) will depend ujBon the structural elaboration of the 
several sense-organs and of thbir related nerve-ganglia, in 
different animals. While, secondly, their complexity will 
also be largely depem^ent upon the degree of development 
of the higher nerve-centres as a whole, because, on tlio 
occasion of any impression upon an organ of sense, what is 
actually perceived (i.c. the completeness of the Perception) 
depends principally upon the degree of rapid irradiation of 
the impression to other parts of the brain. The Percep- 
tions of similar objects by different kinds of animals Avill 
vary extremely, as pointed o|^ in a previous chapter, in 
regard to the number and complexity of tlteir coirfponents. 
And these variations, as the reader wi# easily understand, 
must in the main depend upon the average race-experi- 
ences and sensorial endowments generally oftbhe different 
kinds of animals, in their associatior^ with the particular 
objects perceived. 
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The mere keenness, or discriminative refinement of the 
several sensory endowments in different animals, is subject 
to great variation — the extremes being both far below and 
far above the human standard. 

Thus the Sight impressions of certain Worms and 
Mollusks, obtained even at their best through simple ocelli, 
can only be regarded as of the most vague and general 
description, and probably* more or less wanting in any 
such accompaniment as constitutes the conscious side of 
our own visual impressions. But how difierent is this 
from the same mode of sensorial activity in Birds. In a 
large majority of them, their power of vision seems far to 
transcend that of man or other animals, both in regard to 
range and keenness of discrimination. Sight is unques- 
tionably the dominating sense of Birds. 

“A hawk,” observes Biiffon, “during its aerial soaring, will 
discern a lark upon a clod of earth, coloured almost exactly like 
itself, at twenty times the distance at which a man or a dog can 
perceive it. A kite, having soared to an elevation beyond our 
ordinary vision, can distinguish lizards, field mice, and small birds, 

and select those upon which he chooses to pounce.” 

* 

Again, the majority of invertebrate animals seem to 
have extremely little power of Hearing or discriminating 
dilferent ^kiiids of sounds.^ Thus Sir John Lubbock 
says,t— 

“Approaching an Ant which was standing quietly, I have 
over and over again made the most shrill noises I could — using a 
penny pip®, a dofl^vhistle, a vimin, as well as the most piercing 
and startling sounds Ixould pr<xl»ice with my own voice, but with- 
out effect. At the same time I would by no means infer from this 
that they are really deaf, though it certainly seems that their 
range of soundi is very different from ours. We know that certain 

* See “ IJaturlJ*’ 1878, pp. 540 and 5C8. 
t “ Journal of Linn. Soc.” (ZooL), vol. xiii. p. 244. 
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allied insects proclnco a noise by nibbing one of their abdominal 
rings against another. Landois is of opinion that ants also make 
sounds in the same way, though these sounds are inaudible to us. 
Our range is, however, after all very limited, and the universe is 
probably full of sounds which we cannot perceive. There are, 
moreover, in the antennai of ants certain curious organs which 
may be of an auditory character.” 

Hearing is, however, developed in some respects to a 
degree far beyond our own in birds like the Owl, as well 
as in other night-flyers. According to Swainson also, 
the sense of hearing in many quadrupeds is particularly 
keen, and seems to bo given more especially to the her- 
bivorous tribes : thus the Elk, although not remarkably 
swift, is enabled to avoid its enemies by an unusual keen- 
ness in its perception of sounds. The same delicacy of 
hearing is well known to bo possessed by the Stag.'' The 
acuteness of this sense in the Horse, the Seal, and the 
Porpoise, is also said to bo very remarkable. 

The sense of Touch in diffci;ent animals presents a wdde 
range of variation in regard to its delicacy and discrimi- 
native accompaniments. Though always, to some extent, 
a possible mode of scMtiency, it does not rise in many of 
the lower organisms very much beyond the level of that 
possessed by simple protoplasm. In higher animals, 
however, it is far different, and in them the sense becomes 
localized in some particular part or parts of the body 
which are to he regarded as the special tactile organs. 

Tho sense of Touch is not distinctly localized, and prob- 
ably not very keen or discrimifiitive, in Fishes or, Reptiles, 
though in Birds it becomes at once |nore developed and 
more localized. 

Swainson says, — “ lu birds it is probably confiffed to the feet 
and bill. This is particularly apparent i^ rapacious birds, which 
nse ibeir feet in :,eizing and retaining their prey ; while in those — 
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such as ducks, snipes, and woodcocks — which push their long bills 
into the mud, the point of the mandible is not only comparatively 
soft, but is often covered with a very thin membranous skin, 
which evidently implies considerable sensibility.” 


In the majority of Quadrupeds this sense is perhaps 
not very highly developed, though as in birds it seems 
to bo principally localized in the paws and lips. There 
are, however, two remarkable exceptions. The trunk of 
the Elephant is evidently endowed with a very keen and 
discriminative sense of touch, and is to some extent put 
to the same kind of use as the four hands of Quadrumana, 
or the two of human beings. The tactile endowments of 
all these parts, however, in regard to mere sensitiveness, 
are altogether thrown into the shade by the second excep- 
tion above referred to — viz., that presented by the inter- 
digital membranes, or so-called wings of Bats, and by the 
skin over their largo cars. The sensitiveness of these 
parts is so marvellous that it can take the place of sight, 
and enables Bats to avoid dven the most delicate obstacles 


in their tortuous and rapid flight. As Spallanzani first 
observed, tliese animals will, even when they have been 
blinded, ‘‘ guide themselves through^ the most winding and 
complicated passages without once hitting the walls, or 
striking ^ against any impediment which may seem to 
obstruct their progress.” When in this condition they 
can even avoid coming into collision, during their rapid 
gyrations, with threads of silk which hnve been purposely 


stretched across a gallery o^assage. 


The three sens^ already referred to constitute the 
special intellectual senses of man — those upon which 
most of his^knowledge of the external world is based. 
There is, however,^ another sensorial endowment — the 
sense of Smell— which, though it plajs a very inconsider- 
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able part in ministering to the guidance of civilized human 
beings, is of the very greatest importance as an intellectual 
sense to many different kinds of lower animals, and is fre- 
quently, like other sensorial endowments, very keen in 
some of the less civilized human races. ^ 

In such creatures as Worms, and in the majority of 
Mollusks, it seems probable that the sense of Smell is 
either absent or else extremely vague and indefinite. 
'J’here is reason to believe that it exists in Gasteropods, 
in the various kinds of Cuttle-fish, and in many Crus- 
tacea. In some Insects a keenly developed sense of 
Smell ai)pears to be the dominating sense endowment. 
Sir John Lubbock has shown that the most intelligent of 
Insects, namely the social Ants, seem incapable of appre- 
ciating sounds, and that they make comparatively little 
use of their small eyes. Their leading sense is, unques- 
tionably, that of Smell.t It seems to bo by aid of this 
faculty that they find their w'ay about, and follow their 
multifarious daily avocations. A recent writer, speaking 
of the mode in whicdi Ants follow an established trail, 
saysj— 

“I have experimented with this, frequently obliterating the 
scent for a space of but a few inches, and watching the puzzled 
wandereys^ each going an inch or less beyond his predeceissors, 
hunting the lost clue until the blank was finally bridged over. 
After that, if the new route, as re-opened, differed from the old, 
it was nevertheless rigidly followed, even if longer and less 
direct.” 

Again, as evidence that Beil and Butterflies select the 

* In regard to this latter subject, man^ very interesting facts 
will be found recorded in Houzeau’s work “ Les Facultes Mentales 
des Animaux,” 1872, vol, i. pp. 90-94. ^ 

f “Journal of Linn. Soc.,” vol. xiii. (Zool.), pp. 2*39, 244; Jind 
“ Kature,” April 10, 1873, p. 444. f ^ 

J “NTature,” I'ebiuary 7, 1878, p. 282. 



LOWER ANIMALS. 


Chap. XIII.] 


209 


flowers, which they visit by means of Smell rather than 
Sight, a writer says,* — 

“ Bees particularly, and also butterflies, visit a distinct variety, 
and for the time coniine their attention to it, settling on and suck- 
ing the honey of that variety only; e.g., a bee settling on a scarlet 
geranium will not go from it to another species or variety, but 

gives its attention to the particular variety only never 

going from a scarlet geranium to another scarlet flower, even if in 

contact I never remarked a bee go from a lily to an 

amaryllis, or the reverse.” 

W. M. Gabb, writing from St. Domingo, with regard to 
the Butterfly, says,t — 

“ My Indian servants always carried with them a fermented 
paste of maize flower, which they mixed with water to the consist- 
oncy of gruel, as a beverage. On our arriving at the side of a 
stream in a narrow gorge, invariably, within a few minutes after 
they opened a package of this paste, although there might not have 
been a butterfly in sight before, those most brilliant of their kind 
would come sailing up, always from leeward, and I have made 
some of my best catches in this\nanner. I have also caught them 
by baiting with a piece of over-ripe or even rotten banana. At 
other times they were almost unapproachable.” 

# 

Again, another remarkable fact points to a similar 
keenness of the sense of Smell in Moths, I — ‘‘ Collectors 
of Lepidoptera are well aw^are that if a virgin female 
moth of a certain species is enclosed in a box, males of 
the same species will make their appearance from dis- 
tances which may be relatively pronounced prodigious.” 

There seems, therefore, gj^d reason for believing that 
the actions of imny Insects arc largely determined by a 
subtle and highly dilbriminative sense of Smell, which in 

* “ Nature,” October 18, 1877. 

t “ Nature,”%ebruary 7, 1878, p. 282. 

t “ Quarterly Review^f Science,” 1877. Art. “ Our Six- 
footed Rivals.” Se^ also “Nature,” July 18, 1878, pp. 302 and 311. 
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acuteness may perhaps rival, if it does not exceed, that of 
any other animal whatsoever. In certain Insects with 
enormously developed eyes, however, such as Dragonflies, 
Sight also seems to be an all-important sense : so that 
Smell and Sight may be said specially to guide the actions 
of Insects, though not equally in the same species. 

The sense of Smell in Fishes, moreover, seems, accord- 
ing to Kirby,* to bo the most acute of all their senses. 

Lacepede says : — “ It may be called their real eye, since by it 
they can discover their prey or their enemies at an immense dis- 
tance; they are directed by it in the thickest darkness, and the 
most agitated waves. The organs of this sense are between the 
eyes. The extent of the membrane on which the olfactory nerves 
expand in a shark twenty-five feet long, is calculated to be twelve 
or thirteen square feet.” 

In a few Birds, such as Vultures and their allies, a mar- 
vellously keen sense of Smell was for a long time sup- 
posed to exist, though the observations of Darwin and 
others make it probable that this supposition is erroneous, 
and that the facts on which it was based may be better 
explained by the great keenness of their sense of Siglit. 
Certainly in the majority of Birds, tho olfactory sense 
seems to be very slightly developed. 

An extremely acute sense of Smell seems, however, 
to exist with many wild and domestic Quadrupeds. A 
well-known instance, belonging to the former category, is 
that of the Deer. 

Again Swainson writes, f — scent of American Bison 
is said to be so keen that it is difficult for either men or dogs to 
get near him, excepting on his leeward si(fe ; while the Camel, by 
the perfection of the same sense, is enabled, while wandering over 

♦ Kirhy’s Jlistor^*, Habits, and Instincts of iSiimals,” vol. ii* 
p. 278. I 

f “ Habits and Instincts of Animals,” p. 49.* 



LOWER ANIMAI.S, 


Chap. XIII.] 


211 


the sandy and parching deserts in which he so often ranges, to dis- 
cover the vicinity of water at the distance of a mile.”* 

f 

The keen scent of the Dog in detecting and tracking 
various kinds of game, and also in following his master’s 
footsteps, even in the midst of a public thoroughfare, is 
familiar to all. There is reason to believe, moreover, that 
the Dog habitually puts its sense of Smell to uses that we 
can only faintly realize. A good instance of this sort is 
cited by Dr. Huggins,! who possesses a son of a celebrated 
English Mastiff, named Turk, and in whom he speedily 
discovered a strange antipathy to all butchers, and dislike 
of butchers’ shops. On making enquiry of the original 
owner of Turk, Dr. Huggins found that a similar anti- 
pathy existed in the father, and in the grandfather of his 
dog, as well as in other sons of Turk, by different mothers. 
Concerning one of these latter dogs, named Paris, this 
gentleman communicated some most interesting facts. 

He sayj3, — “ Paris has the^ greatest antipathy, as he would 
hardly go into a street where a butcher’s shop is, and would run 
away after passing it. When a cart with a butcher’s man came 
into the place where the dogs were kept, although they could not 
see him, they all were ready to break tlieir chains. A master- 
butcher, dressed privately, called one evening on Paris’s master to 
see the dog. He had hardly entered the house before the dog 
(though ilhut in) was so much excited that he had to be put into 
a shed, and the butcher was foi'ccd to leave without seeing the dog. 

* H. C. Norman writes, — “That frogs are enabled to know when 
water is near, and that they are instincjtively attracted towards it, 
I have had abundant means of ^rtifying in localities where there 
was a pond on tire other side of a paling or a wall. I have 
found frogs, during the|ppawning season, in numbers, close against 
the impeding fence, with their heads towards it; and when I threw 
them over, th^ immediately lU'ocecded in the direction of the 
water.” — WiiiiS’s “ Natural History of Selborne ” (Bohn’s edition), 
p. 407. ^ 

t “ Nature,” Peftruary 13, 1878, p. -281, 

p 2 
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The same dog, at Hastings, made a spring at a gentleman wlio 
came into the hotel. The owner canght the dog and apologized, 
arM said he never knew him to do so before, except when a butcher 
came to his house. The gentleman at once said that was his 
business.*’ 

This detection tof butchers at a distance and out of 
sight, as well as when disguised, could only have been 
brought about through the dog’s highly developed sense 
of Smell, enabling it to detect odours which might well 
be regarded as altogether inappreciable. 

In reference to a suggestion made by Mr. Wallace,* to the 
effect that animals which have been taken to a distance 
shut up in a basket, or along a route which they have not 
seen, may, in some instances, fiiid their way home princi- 
pally through the intervention of their highly developed 
sense of Smell (a suggestion which gave rise to a long and 
very interesting discussion). Prof. G. Groom liobertson 
writes :t — Our external world (whetlier as actually 
perceived or imaginatively represented) may be called a 
world of sights and touches, blended with and modifying 

each other in the most intimate way All other 

sensations, as of heading, smell, and taste, come before 
us only discontinuously and intermittently, not being had 
from all things, nor always from the same things. But, 
in a dog’s experience, touch cannot possibly co-operate 
with sight, as it regularly does in ours. The organ of 
effective touch in man — touch that gets associated with 
vision — is, in the last resoi’t, the hand, combining mobility 
and sensitiveness in the highfet degree ; fend ther dog has 
no hand. Its mobile limbs are not ^sensitive at tlic ex- 
tremities, and, though it has sensitive lips, these, having 
no such active mobility as the human l^nd has, are 

* “Nature,” February 20, p.^SOtk 

f “Nature,” February 27, 1873, p. 323. 
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extremely limited in the scope of their apprehension. Its 
touch being thus defective, what is there then in the dog 
to play second to sight — which as leader needs support, 
were it only because there is not always light to see with ? 
Smell, I cannot but think, seeing that, whilst the organ is 
incontestably acute, it has the great advantage over the 
tactile surface of the lips, of receiving impressions from 
things already at a distance. If wo only suppose — what 
the facts make very likely — that the dog’s smell is acute 
enough to have some sensation from all bodies without 
exception, nothing more is wanting to enable a psychologist 
to understand that the dog’s world may bo, in the main, a 
world of sights and smells continuous in space.” 

Horses, also, would seem to have a similarly acute sense 
of Smell, and an interesting fact is cited by Mr. Darwin 
which apparently illustrates this point. Ho says,* — 

“ Many years ap;o I was on a mail-coach, and as soon as we 
came to a public-house, the coachman pulled up for a fraction of a 
second. He did so when ho came to a second public-house, and I 
then asked him the reason. He j)ointed to the olT-hand wheeler, 
and said that she had been long compl(^tely blind, and she would 
stop at every place in the road at which she had before stopped. 
He had found by ex 2 )eriencc that less time was wasted by pulling 
up his team than by trying to drive her past the place, for she was 
contented with a momentary stop. After this I watched her, and 
it was evident she knew exactly, before the coachman began to 
pull up the other horses, every public-house on the road, for she 
had, at some time, stopped at all. I think tliere can be little doubt 
that this marc recognized all these houses by her sense of smell.” 

It seems pi^tty certain, however, that many of the 
actions of lower ar^mals, in finding their way to distant 
places, cannot he explained by reference to any of the 
senses, eithft singly or in combination, which we have as 
yet considered.^ H(^, for instance, is the Dog, the Cat, 
* “ Nature,” March Id, 187d, p. 360. 
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or the Horse, enabled to find its way homo in a short space 
of time, through a previously unknown tract of country, 
and along a route never previously traversed in any way ? 
How, again, is the migratory Bird able to steer its way 
across the sea, and for thousands of miles back to the same 
chimney, house-top, or bush, where in the previous spring 
it had built its nest and reared its young ? We are com- 
pelled to assume that a ^ Sense of Direction ’ exists in 
many animals, which enables them wholly to transcend 
the range of other senses. 

This endowment occurs in such a rudimentary state in 
the majority of human beings, as to make the correspond- 
ing highly developed faculty of some animals appear almost 
in the light of a wholly new and mysterious sense endow- 
ment. 

The degree to which the rudiments of such an endow- 
ment exist amongst ourselves, varies much in different 
individuals. Some dwellers \n cities, otherwise highly 
intelligent, are almost incapable of finding their way through 
intersecting streets to a not very distant place, whose direc- 
tion was known at the time of starting; whilst others, 
setting out with a correct notion of the relative position of 
the place they wish to reach, are easily able to find it, 
even though they may have to pass through a previously 
unknown maze of turnings. This power of keeping a 
‘ known direction ’ in mind, during many shiftings of direc- 
tion, exists, however, in a much higher degree in sonic 
savage or semi- savage races db men. accqrding to 

Darwin, Von Wrangel has recorded the truly wonderf il 
manner in which the natives of Northern Siberia are able 
to keep “ a true course towards a particular spot, whiUt 
passing for a long distance through hummeffeky ice, wi- 
incessant changes of direction, and Hiith 130 guide in the 
heavens, or on the frozen sea.” North American Indians 
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show a similar facility in finding their way through 
immense mountainous tracks, so thickly wooded, that 
vision can only penetrate for a few yards ahead ; or over 
pathless wastes of prairie land, where a dreary sameness 
reigns supreme. On this subject, G. C. Merrill, writing 
from Kansas, says — 

** I have learned from the hunters and guides who spend their 
lives on the plains and mountains west of us, that no matter how 
far, or with what turns, they may have been led, in chasing the 
bison or other game, they, on their return to camp, always take a 
straight line. In explanation, they say that, unconsciously to 
themselves, they have kept all the turns in their mind/’f 

The excellence of this faculty in Siberians, Indians, and 
others, whose daily mode of life of itself furnishes strong 
motives for cultivating it, seems to show that practice may 

* “Nature,” May 22, 1873, p. 77. 

t Referring to his travels in the State of Western Virginia, Mr. 
Henry Forde (“ Nature,” April 17 , 1873, p. 463) writes as follows : — 
“ It is said that even the most experienced hunters of the forest- 
covered mountains in that unsettled region are liable to a kind of 
seizure — that they ‘ lose their heads * all at once, and become con- 
vinced that they are going in quite the contrary direction to what 
they had intended, and that no reasoning nor pointing out of land- 
marks by their companions, nor observations of the position of the 
sun, can^ overcome their feeling; it is accompanied by vreat ner- 
vousness and a general sense of dismay and ‘ upset.* The nervous- 
ness comes after the seizure, and is not the cause of it. This is 
spoken of by the natives as ‘ getting turned round.’ The feeling 
sometimes ceases suddenly, or it may wear away gradually.” 
Colonel Lidge, in ^s “ Huntin^ferounds of the Far West,” 1876, 
speaks of the same kind of feehngs seizing upon, and occasionally 
demoralizing, old and Jlperienced prairie travellers. Indian chiefs 
all concurred in assuring G. Gatlin (“ -Life amongst the Indians,” 
p. 96) that “ ^enever a man is lost on the prairies, he travels in 
a circle, and also that he invar labb turns to the left ; of which 
singular fact,” th« eutAr adds, “ I have become doubly convinced 
by subsequent proofs.” 
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make perfect in this as in other respects ; while the 
common want, or the existence of the mere germs of such 
a faculty, among dwellers in cities, leading, as they do, 
an artificial and wholly different kind of life, would seem to 
suggest that with them it is a faculty which has lapsed 
through mere disuse. 

But the peculiarity in regard to many animals is, that 
they seem able to preserve, in' some marvellous manner, 
this initial knowledge of direction, under circumstances 
in which such powers as Siberians or North American 
Indians possess, would seem likely to be of little avail. A 
very suggestive story in reference to this kind of potency 
in the Horse, has been narrated by Mr. Darwin. He 
says — 

“I sent a riding-horse, by railway, from Kent, via Yarmouth, 
to Freshwater Bay, in the Isle of Wight. On the first day that I 
rode eastward, my horse, when I turned to go home, was very 
unwilling to return towards his stable, and he several times tiirnod 
round. This led me to make repeated trials, and every time that 
I slackened the reins, he turned sharply round and began to trot 
to the eastward, by a little north, which was nearly in the direction 
of his house in Kent. I had ridden this horse daily for several 
years, and he had never before behaved in this manner. My im- 
pression was that he somehow hmw the direction tvhence he laid 
been brought, I should state that the last stage from Yarmontli 
[Isle of Wight] to Freshwater is almost due South, and along this 
road he had been jldden by my groom ; but he never once showed 
any wish to return in this direction. I had purchased this horse, 
several years before, from a gentleman in my own neighbourhood, 
who had possessed him for a considerable time.” 

This story is valuable instructive but a move 
complete instance of a power there ofly indicated, one of 
the many examples recorded by A. W. Howitt of Gipp^' 
land may be quoted. He says : t — % 

* “ Nature,” March 13, 18|p, p. §60. 

t “Nature,” August 21, 1873, p. 323. 
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Mr. MacfeintosH, of Dargo, informs me that about two years 
ago, when gathering wild cattle on the Avon Eiver, he got away 
from his men down that river for many miles before he ascertained 
that he was astray. Finding then that his horse persisted in going 
in a certain direction, he gave him his head, and the horse went in 
a straight line to the place where the camp was fixed, a distance of 
some ten miles, through a scrubby country, and without a track.” 

As another typical instance of this kind of power in a 
Dog, exercised, moreover, after a long interval, the follow- 
ing occurrence may be cited — 

“ A hound was sent by Charles Cobbe, Esq., from Newbridge, 
county Dublin, to Moynalty, county Meath, and thence, long after- 
wards, conveyed to Dublin. The hound broke loose in Dublin, and 
the same morning made his way back to his old kennel at New- 
bridge, thus completing the third side of a triangle by a road ho 
laid never travelled in his life.” 

Powers akin to this displayed by the Horse and the 
Dog seem possessed in considerable perfection by many 
other kinds of animals, *among which, in ascending 
order, may be mentioned Insects, Crabs, Migratory Fishes 
and T3irds, some Reptiles as well asj such Quadrupeds as 
the Cat, the Sheep, the Ass, and probably many others.! 

A very remarkable and well-attested example of such 
an endowment in this latter animal has been cited by 
Kirby and Spenccl — 


“In March, 1816, an ass, the property of Captain Dundas, E.N., 
then at Malta, was shipped on board the L'iicr frigate, Captain 
Forest, bognd froiijp Gibraltar f(® that island. The vessel having 
struck on some sands off the Point de Gal, at some distance from 
the shore, the ass was%hrown overboard to give it a chance of 
swimming to land — a poor one, for the sea was running so high 

* “ Qu^crly Review,” October, 1872. 
t For recorded iijitances, see “ N ituro,” vol. vii. 
t “ Introd. to Entomology,” seventh ed. 1860, p. 552, 
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that a boat which left the ship was lost. A few days afterwards, 
however, when the gates of Gibraltar were opened in the morning, 
the ass presented himself for admittance, and proceeded to the 
stable of Mr. Weekes, a merchant, which he had formerly occupied, 
to the no small surprise of this gentleman, who imagined that 
from some accident the animal had never been shipped on board 
the Ister, On the return of this vessel to repair, the mystery was 
explained; and it turned out that Valiante (so the ass was called) 
had not only swum safely to shore, but, without guide, compass, or 
travelling map, had found his way from Point de Gal to Gibraltar, 
a distance of more than two hundred miles, which he had never 
traversed before, through a mountainous and intricate country, 
intersected by streams, and in so short a period that he could not 
have made one false turn. His not having been stopped on the 
road was attributed to the circumstance of his having been for- 
merly used to whip criminals upon, which was indicated to the 
peasants, who have a superstitious horror of such asses, by the 
holes in his ears, to which the persons Hogged were tied.” 

In consideration of the existence of facts of this kind, it 
is contended that we cannot possibly account for them by 
any conceivable extension of* the senses of Smell and 
Sight; and that we must suppose animals generally, 
though unequally, to^ be endowed with a peculiar sense 
whereby they are enabled to retain, in the midst of all 
their wanderings, a constant perception or ‘ sense of direc- 
tion ’ of places from which they have been removed and 
with which they have become intimately associated. 

Quite recently, too, an announcement has been made by 
M. E. Cyon,^ which will doubtless, sooner or later, throw 
much light upon the questioi^f the Organ and Nerve Ce/i- 
tros, having to do with this assumed ‘ seftse of Direction ’ 
which seems to exist, though very uifcqually, in Man and 
so many of the lower animals. 

M. Cyon*s researches have led him to tnnounce the 
existence of a mt je or loss indepei^ent Organ of Sense 

* ” Comp. Rend.,” Slst December, 1877. 
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(previously regarded as one of tlie parts of the organ of 
Hearing, of great physiological importance, which he desig- 
nates the ^ sense of Space.’ Some of his conclusions on 
this subject are as follows : — 

The Semi-circular Canals are the peripheral organs of 
the sense of Space, that is to say, the impressions produced 
by the excitation of the nerve expansions in the ampullie 
of these canals seem to form our notions of the three 
dimensions of space. The impressions from each canal 
correspond to one of these dimensions.” 

The physiological excitation of the peripheric termi- 
nations belonging to the organ of the sense of Space occurs 
probably in a mechanical manner, by means of the otoliths 
which exist in the ampulhe. These otoliths will be thrown 
into vibration by every active or passive movement of tho 
head, and, perhaps, also by the atmospheric waves whose 
movements the tympanic membrane transmits to the liquid 
which fills the system of sep)i-circular canals.” 

“ The eighth pair of cerebral nerves thus contains two 
nerves of sense altogether distinct — the Auditory Nerve 
and the Space Nerve (Eaumnerv).”^* 

* All that pertains to this difficult subject is still in its infancy. 
Since the above was in type two articles have been published on 
the questi^m in this country, which, in addition to exposition and 
criticism, contain references to the literature of the subject. The 
one, by Dr. Crum Tirowii, is in “Nature*’ for October, 1878; 
Jind the other, by Prof. Groom Robertson, in “ Mind.” Octohev. 
1878, p. 559. 



CHAPTER XIV. 


INSTINCT : ITS NATURE AND ORIGIN. 

We may, without much difficulty, convince ourselves that 
certain muscular actions arc habitually ^oing on within 
our bodies in a more or less continuous fashion, indepen- 
dently of Will, and even without arousing our Conscious- 
ness. To this class belong the movements of the Heart. 
Again, w^e may learn that other internal muscular actions, 
equally independent of Will and free from conscious 
accompaniment, take place in a distinctly intermittent 
fashion. To this class belong those contractions of the 
Stomach and Intestines whiclf occur during the digestion 
and assimilation of food. Again, we may learn that still 
other internal contractions — such as those concerned in 
oviposition or in the Birth of young — recur at much longer 
intervals, though they are similarly independent of Will 
and uninstigated by conscious impressions. 

Other and wider muscular actions, partly internal and 
partly external, also take place in a rhythmical manner in 
relation with systemic conditions. The motions of the dia- 
phragm and of the thoracic ^nd abdominal walls, in con- 
nection with Respiration, belmig to this fetegory’. These 
movements, though in the main indefjendent of Will, are 
capable of being very considerably modified thereby ; and 
while they are most frequently unheeded, th^y have a very 
recognizable accoirpaniment of feelmg when attention is 
distinctly turned to them. ^ • 
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Actions which take place independently of Will as an 
instigator and with machine-like regularity, are, as the 
reader is now aware, known to physiologists as ‘reflex* or 
‘ automatic* actions. All the acts above mentioned belong 
to this category, and these particular examples are further 
characterized by the fact that the impressions which incite 
them arc altogether unfelt. They are results, that is, of 
unconscious impressions. .Many other automatic actions, 
however, exist — sneezing and coughing being examples — • 
in which this latter peculiarity is wanting. 

But why, it may bo asked, are the actions above speci- 
fied performed with such undeviating regularity, and at 
the instigation of mere unconscious impressions ? 

During the untold ages, in which organisms have existed 
with food-taking propensities and alimentary canals, con- 
tractions of the Intestine have been ensuing at short 
intervals, in response to the stimulus supplied by food. 
Since contractile Hearts were first evolved, they have never 
ceased to beat in the lineal descendants of inconceivably 
numerous generations of slowly modifying animal t^^pes. 
The contractions of Oviducts or of the Womb, as well as 
the movements concerned in Kespifetion, also had their 
beginnings in forms of life whose advent is now buried in 
the immeasurable past. 

Let usf however, place side by side with these consider- 
ations, the well-known fact that one of the essential 
peculiarities of nervous action is, that movements which 
are at first executed slowlv and irregularly, may, after 
numerouif rej^etiiions, become rapid and regular — more 
especially if on succc|^ive ocetr ions the stimuli are similar, 
and nothing intervenes to alter the manner in which 
the recurrin^cts are performed. It need not, therefore, 
surprise us — especially after what '.ve have learned as to 
the genesis of '*»refl^ * actions — to find that the contrac- 
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tions of viscera take place automatically, and even in 
response to uufelt impressions. 

But now let us glance at other incidents in association 
with these visceral impressions and actions. 

No ‘ needs ’ or * appetites * exist in connection with tlie 
action of the Heart, for the very simple reason that its 
stimulus is always at hand, and, in the form of arterial or 
venous blood, actually flows into the several cardiac cham- 
bers, after each contraction. It is a little diiferent with 
regard to the Eespiratory Organs. Aerated water or pure 
air does not always surround the organism; and, as a 
consequence of this occasional absence of the proper stimu- 
lus, it is found that under such unnatural conditions a 
‘respiratory need,’ or want, is felt. Owing, however, to 
this being a want of accidental, rather than of regular, 
occurrence, it never attains the more definite and more 
regularly-recurrent character of an ‘ appetite.’ 

How different is it with the Alimentary Canal. Its par- 
ticular stimulus is not ever present like that of the heart, 
or only occasionally absent, as with that of the respiratory 
organs ; it mostly has to be sought. Hence it is that 
the habitually recurHng need reveals itself as a defi- 
nitely returning appetite for food. Much the same kind 
of origin is to be ascribed to the sexual appetite, except 
that it is one which, in organisms generally, recurs at 
more or less distant intervals. Just as hunger, however, 
depends, almost wholly, upon impressions coming from 
the alimentary canal, so does the sexual appetite depemb 
in the main, upon particular states of dte'tain Generative 
Organs. 

Any one, who carefully studies the acts of lower animals, 
will readily recognize how very large a proportion of them 
are, either immedi itely or remotely, instigated by one or 
other of these visv^eral needs or ‘ ap^^titea,.’ 
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The mode in which states of viscera operate in deter- 
mining an organism's activities is not difficult to under- 
stand. It has been previously pointed out that the 
Stomach is always in direct communication with the Brain, 
and that the Generative Organs are also, either directly or 
indirectly, in close connection therewith. Impressions, 
therefore, may emanate from either of these organs, which 
habitually pass on to the. principal nervous centres, and 
there come into some kind of relation with one or more 
of the special sense-centres, whose activity they serve to 
heighten. That there is an intimate correlation between 
visceral needs and sensorial activity cannot be denied. 
An appetite for food, or a desire to find a mate, commonly 
suffices to call certain sense-centres into a state of keen 
receptivity to impressions, and thus affords conscious 
intelligence an opportunity to come into play for the im- 
mediate guidance of the animal in its search for what it 
needs, and in its execution of all those acts to which it is 
prompted for the gratification of this or that appetite. 

From what has been previously said, it will be seen to 
be almost an inevitable necessity thht all acts wdnch are 
immediately responsive to visceral needs, as well as all 
which daily and habitually succeed some recurring impres- 
sion, should be the most deeply automatic in nature. The 
mode in which the representatives of each kind of organism 
seize and swallow their food, should, for instance, like the 
action of the viscera, be more or less common to the whole of 
them, anduperfor^ed wdth ma^iine-like regularity. And so 
with other actions wh^h have, during succeeding ages, been 
taking place in response to particular sensorial impressions 
throughout the lives of untold generations of animals. 

It would fmlow, therefore, for the same reason, that if, 
with any organisms, ^the acts more remotely prompted by 
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visceral needs are performed amidst practically uniform 
conditions, that these acts would also tend to exhibit some 
degree of the same uniformity — whether they are connected 
with search after or storing of food, with capture of prey, 
with sexual dalliance, or with the deposition or care of 
eggs or young. The nerve tissues having to do with 
any mixed series of habitually recurring impressions and 
actions, would, in the course of figes, come to bo so organi- 
cally knit together as to permit of the manifestation of 
a machine-like regularity of habit, approximating to that 
which is observed in the performance of the simpler acts 
more immediately dependent upon visceral stimuli. 

The possibility of executing any simple Instinctive Acts, 
and still more those which constitute a complex scries, can 
only have been built up and delinitely organized after suc- 
cessive generations of animals have been habitually sub- 
jected to the impressions to wiiieli the acts are related, and 
after such impressions have, at last, invarial)ly led to the 
particular motor results in question. We owe the first 
distinct enunciation of this light-giving notion to Herbert 
Spencer. lie says “ Let it be granted that the more 
frequently psychical states occur in a certain order, the 
stronger becomes their tendency to cohere in that order, 
until they at last become inseparable ; let it be granted that 
this tendency is, in however slight a degree, inlieritcd, so 
that if the experiences remain the same, each successive 
generation bequeaths a somewhat increased tendency; and 
it follows that, in cases like ^c one described, there must 
eventually result an autonmtic coniiedlion o?* nervous 
actions, corresponding to the external f'cl a tions perpetually 
experienced. Similarly, if from some change in tlio 
environment of any species, its members a^e frequently 
brought ii^ Jontac^ with a relation Imving terms a little 
* “Principles of Psychology,** vol. i.^ 439. 
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more involved : if tlie organization of the species is so far 
developed as to be impressible by these terms in close 
succession ; then, an inner relation corresponding to this 
new outer relation will gradually bo formed, and will, 
in the end, become organic. And so on in subsequent 
stages of progress.” 

This clustering together and mutual dependence of the 
organic representatives of ‘certain impressions and acts, 
might be expected to take place more especially in con- 
nection with an animal’s search after, capture and dis- 
posal of, food ; with the construction of their habitations, 
or the seeking out of places of shelter ; also, in reference 
to the successive incidents of their amours, to the best 
disposal of their eggs (with possible migrations to effect 
this object), or to the proper care of their young till they 
are capable of looking after themselves. This, however, 
covers the ground of most of the so-called Instincts, 
which, as H. Spencer says, are to be regarded as ‘‘ or- 
ganized and inherited habits” of a more or less intricate 
character. 

In all the more complex Instinctive Acts, we have in 
fact to do with a more or less prolonged series of impres- 
sions and interpolated muscular movements associated 
very closely, and following one another with a regularity 
only a little less marked than that which characterizes 
the sequence of impressions and movements in those 
‘ reflex acts ’ described in a previous chapter. Instincts 
are therefore very correctly r^ai-ded as serial aggregations 
of such fhflex ails, and accordingly they have also been 
learned by Herbert Spencer ‘ compound reflex actions.* 

Although each of the component acts may (like reflex 
acts in genei^l) present purposive characters, and, though 
they may bo all combined so as to lead to a definite 
®iid, there is no Veasmi for believing that such ‘ ends * are, 

Q 
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of necessity, previously realized or imagined by the crea- 
ture performing the acts, any more than the headless 
frog realizes the ‘ end ’ of movements which seem to us 
to be distinctly purposive. It may, however, be otherwise. 

Thus in many Instincts an abiding visceral state (be- 
getting, as it does, a corresponding appetite or desire) 
exercises its powerful influence upon the higher nerve 
centres generally, and so suj)plies a stimulus more or less 
definitely realized prompting to a series of sensorially- 
guided acts, which, owing to the similarities of the environ- 
ments of individuals of each species, are subject to com- 
paratively little variation in their successive steps. 

Broussais, following in the wake of Cabanis, w^as one 
of the first to point out the great importance of visceral 
states and impressions in reference to Instinctive Acts. 
Citing a well-known, but important, illustration, he says 
** If, when a hen is impelled to incubation, we dip her 
belly several times in cold water, the excitement dis- 
appears, and the kind of clucking which accompanies this 
desire ceases, together with all the other acts related to 
the same end.’’ And, that there are visceral causes or 
states lying at the root of the sexual instincts generally, 
may be inferred, among other things, from the fact that 
in animals which have undergone certain mutilations such 
instincts remain in abeyance. These states are only peri- 
odically aroused in many animals, and in Birds, more esj^e- 
cially, we find sexual changes forming part of the seasonal 
rhythm of bodily states. ** l^e pairing of animals usually 
begins to take place in the ^spring ; wllkn the •winter is 
passed, the earth is covered by verdure and adorned by 
the various flo\v.;rs that now expand their blossoms. • • 
The birds sing their love songs ; the night^gale is 
^ most run deal m /st melancholy’; the cuckoo repeats his 
* “Traits de Physiologic,” Pt, I., chap. vii. 
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monotonous noto ; and every other animal seems to par- 
take of the universal joy.”^ 

The principal Instincts of animals have been grouped by 
naturalists under three heads : — 

1. Those dependent, immediately or remotely, ui')on in cita- 

tions from the Alimentary (^anal (c. 7 ., mode of seeking, 
capture, seizing, storing, or swallowing of food; and 
some cases of migration). 

2. Those dci^endent upon incitations from the Generative 

Organs (c.r/., pairing, nidification, oviposition, care of 
young ; and some cases of migration). 

3. Those dependent upon more general impressions, perhaps 

partly internal and partly external in origin (hyberna- 
tion and migration). 

These are the classes considered by Kirby and other 
writers. Those of the first set are often spoken of as 
Instincts of self-preservation/^ and the second as 
Instincts ‘‘ devoted to the perpetuation of the species.*^ 
Ihit language of this kind is apt to be misleading. 
Animals under the influence of these instincts cannot 
rightly be supposed to act as a result of reflection, but 
rather to bo at each step (though more or less guided by 
memory and present sensorial impressions) urged on by a 
‘ blind impulse.’ Although the successive components of 
Instinctixt) Acts for the most jiart lead to very definite 
ends, apparent enough to the onlooker, no definite con- 
ception of the ultimate end to be obtained can bo commonly 
supposed to actuate the aninml. 

It is tlrts ncgaUve charactiristic, indeed, which goes far 
1^0 explain the essenti-iJ peculiarity of Instinctive, as opposed 
lo Rational, Acts. Three leading peculiarities of these 
Acts were gi^n long ago by Dr. W. Alison, t which are as 

* Kirby’s “ Habits aui Instincts of A nimals,” vol. ii. p. 188. 

t “ Cyclop, of Anat, and Physiol.,” vol. iii. p. 4. 
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follows : — (1) They are always performed by individuals 
of the same species in nearly, if not in exactly, the same 
manner. (2) No experience or education is required in 
order that the different voluntary efforts requisite for these 
actions may follow one another with unerring precision. 
(3) They are occasionally seen to be performed under cir- 
cumstances which the onlooker (having regard to the ends 
usually accomplished by the acts) recognizes as rendering 
them nugatory. 

In illustration of the first and second peculiarities, the 
following quotation from Bichat may be cited. He said : 

If we examine different animals at the moment of 
birth, w^e shall see that the special instinct of each directs 
the execution of peculiar movements. Young quadrupeds 
seek the mammae of their mothers, birds of the order 
Gallinacese seize immediately the grain which is their 
appropriate nourishment, while the young of the carnivor- 
ous birds merely open their mouths to receive the food 
which their parents bring to t*heir nests.’' 

The third peculiarity exemplifies the ^blindness of 
Instinct,’ and may b(} illustrated by the fact that Blow-flics 
often deposit their eggs on a plant {Chenopoditim fadida) 
whose odour resembles decaying meat, though it is quite 
unsuitable as a nidus for such eggs ; or by the fact that 
the Bee gathers and stores up honey even in a climate 
where there is no winter ; by the fact that a Hen will con- 
tinue to sit on a pebble which has been put in the place 
of an egg, and that she sho^ the same kind of solicitude 
for ducklings that have been hatched ?hider her as ahe 
would for chickens produced from hdP own eggs. 

Some powers and instincts (a) are connate : that is, 
the. aniuials a, re capable of mamfesting them almost 
immediatelv after birth, and without the occurrence of 
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previous abortive attempts and failures. D. A. Spalding 
says 

“ The pig is an animal that has its wits about it quite as soon 
after birth as the chicken. I, therefore, selected it as a subject of 
observation. The following are some of my observations : That 
vigorous young pigs get up and search for the teat at once, and 
within one minute after their entrance into the world ; that if re- 
moved several feet from their mother, when aged only a few minutes, 
they soon find their way back to her, guided apparently by the 
grunting she makes in answer to their squeaking. ..... One 
pig I put in a bag the moment it was born, and kept it in the 
dark till it was seven hours old, when I placed it outside the sty, 
a distance of ten feet from where the sow lay concealed inside the 
house. The pig soon recognized the low grunting of its mother, 
went along outside the sty, struggling to get under or over the 
lower bar. At the end of five minutes, it succeeded in forcing itself 
through, under the bar, at one of the few places where that was 
possible. No sooner in, than it went without a pause into the 
pig-house to its mother, and was at once like the others in its 
behaviour.’* 

» 

In other cases, however, powers or instincts (b) which 
cannot bo manifested at birth become developed after 
(lays or weeks; apparently because; in theso cases, the 
Nervous Systems of the young animals have to go through 
certain stages of development beyond those which havo 
been attfiined at the time when the young leave the 
oviducts or womb of the mother. 

On this subject, D. A. Spalding remarks : The 
human infant cannot mastmate ; it can move its limbs, 
but cannot wal]<5 or direct ms hands so as to grasp an 
object held before it^ The kif ten just born cannot catch 
^^ice. The newly-hatched swallow or tomtit can neither 
Walk, nor nor feed itself. They are helpless as the 
human infant. Is it as the rcsult,of painful learning that 
0 

* “ Macmillan’s Magazine,” February, 1873. 
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the child subsequently seizes an apple and eats it ? that 
the cat lies in wait for the mouse ? that the bird finds its 
proper food, and wings its way through the Hiv ? We 
think not. With the development of the physical parts, 
comes, according to our view, the power to use them in 
the ways that have preserved the race through past ages. 
This is in harmony with all we know. Not so the contrary 
view.*’ 

In regard to some of those powers which only become 
possible several days after birth, it can be clearly shown 
that they are no more ‘ learned * by the individual than are 
those which are capable of being manifested immediately 
after birth. Some organisms are born in a state of greater 
maturity than others, and in those in which immaturity is 
most marked (as in the human infant), as well as in those 
in which it is less marked, the necessary time must elapse 
for the several parts of the body, and especially of the 
Nervous System, to develop, jbeforo certain truly instinc- 
tive desires and acts are capable of showing themselves. 
Thus only can wo explain the late appearance of many 
Instinctive Acts in ainimals generally, as, for instance, the 
powers of flight shown by young, but only recently-fledged, 
Birds who have made no previous attempts to fly. The 
manifestation of this latter power, independently of learn- 
ing, has also been experimentally verifled by Spalding. 

He placed some young unfledged Swallows “ in a small box not 
much longer than the nest from which they were taken. The 
little box, which had a wire froil>, was hung Igi the wall near the 
nest, and the 3’oung swallows were fed W their parents through 
the wires. In this confinement, where th^ could not even extend 
their wings, they were kept until after they were fully fledged. 
The birds v/ere then liberated, and their actions cafpfully watched. 
Of two yoniig swaV jws wliich had been confined in this manner till 
their wings had grown, Spalding says, “ (Ije, on being set free, flew 
a yard or two too close to the ground, rose again in the directiou 
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of a beech-tree, which it gracefully avoided ; it was seen for a con- 
siderable time sweeping round the beeches, and performing mag- 
nificent evolutions in the air high above them. The other, which 
was observed to beat the air with its wings more than usual, was 
soon lost to sight behind some trees.” He adds, “ Titmice, tomtits, 
and wrens I have made the subjects of a similar study, and with 
similar results.” 


The Plasticity of Instinct. 

Tho same careful observer says ‘‘ Though the instincts 
of animals appear and disappear in such seasonable corre- 
spondence with their own wants and the wants of their 
offspring as to bo a standing subject of wonder, they have 
by no means the fixed and unalterable character by which 
some would distinguish them from the higher faculties of 
tho human race. They vary in the individuals as does 
their physical structure. Animals can learn what they 
did not know by instinct, mid forget the instinctive know- 
ledge which they never learned, while their instincts will 
often accommodate themselves to considerable changes in 
the order of external events.*’ He then records the fol- 
lowing experiment : — 

” Everybody knows it to bo a common practice to batch ducks’ 
eggs und(y tho common hen, though in such cases the hen has to 
sit a week longer than on her own eggs. I tried an experiment to 
ascertain how far tho time of sitting could be interfered with in the 
opposite direction. Two hens became broody on the same day, and 
I set them on dummies. On tha third day I put two chicks a day 
old to ouo»of the #vo hens, oto pecked at them once or twice ; 
seemed rather fidgety, then took to them, called them to her, and 
entered on all the carc^of a motlua\ The other hen was similarly 
tried, but with a very different result. She pecked at the chickens 
viciously, and|jboth that day and the next stubbornly refused to 
have anything to do with them.” 

* October 7, 1875, p. 507. 
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Another excellent example of the plasticity of Instinct ; 
that is, of the way in which an instinct will vary under new 
conditions, has been recorded by Q. J. Eomanes. This 
ingenious observer writes^ : — 

“ Three years ago I gave a pea- fowl’s egg to a Brahma hen to 
hatch. The hen was an old one, and had previously reared many 
broods of ordinary chickens with unusual success, even for one of 
her breed. In order to hatch the 'pea-chick, she had to sit one 

week longer than is requisite to hatch an ordinary chick 

The object with which 1 made this experiment, however, was that 
of ascertaining whether the period of maternal care subsequent to 
incubation admits, under peculiar conditions, of being prolonged; 
for a pea-chick requires such care for a very much longer time th.-iri 
does an ordinary chick. As the separation between a hen and her 
chickens always appears to be due to the former driving away the 
latter when they are old enough to shift for themselves, I scarcely 
expected the hen in this case to prolong her period of maternal care, 
and, indeed, only tried the experiment because I thought that if 
she did so, the fact would be the best one imaginable to show in 
what a hujh de'jree hereditary instinct may he modified by pecAdiar 
individual experience. The result was very surprising. For the 
enormous period of eighteen months this old Brahma hen remained 
with her ever-growing chicken, and throughout the whole of that 
time she continued to ^ay it unremitting attention. She never 
laid any eggs during this lengthened i)eriod of maternal supervision, 
and if at any time she became accidentally separated from her 
charge, the distress of both mother and chicken was very great. 
Eventually the separation seemed to take place on the side of the 

peacock In conclusion, I may observe that the peacock 

reared by this Brahma hen, turned out a finer bird in every way than 
did any of his brothers of the same brood which were reared by 
their own mother; but that, repeating the experiment next 
year with another Brahma hen and several peilifchickenS, the result 
was different, foi the hen deserted her family at the time when it 
is natural for ordinary hens to do so, anoTin consequence, all the 
pea-chickens miserably perished.” 

Another obser/ation proving tha modifiability of 

* “ Nature,” October 25, 18^5, p.* 553. 
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stincts in Birds has been recorded by the same observer, 
and is of great interest. He says * : — 

“ A bitch ferret strangled herself by trying to squeeze through too 
narrow an opening. She left a very young family of three orphans. 
These I gave, in the middle of the day, to a Brahma hen, which had 
been sitting on dummies for about a month. She took to them almost 
immediately, and remained with them for rather more than a fort- 
night, at the end of which time I had to cause a separation, in 
consequence of the hen having sufibcated one of the ferrets by 
standing on its neck. During the whole of the time that the 
ferrets were left with the hen, the latter had to sit upon the nest, 
for the young ferrets, of course, were not able to follow the hen 
about as chickens would liave done. The hen, as might be expected, 
was very much puzzled at the lethargy of her offspring. Two or 
throe times a day she used to ffy off the nest, calling upon her 
brood to follow ; but upon hearing their cries of distress from cold, 
she always returned immediately, and sat with patience for six or 
seven hours more. I should have said that it only took the hen 
one day to learn the meaning of these cries of distress ; for after 
the first day she would always run in an agitated manner to any 
place where I concealed the ferrets, provided that this place was 
not too far away from the nest to prevent her from hearing the 
cries of distress. Yet I do not think it would be possible to conceive 
of a greater contrast than that between the shrill pljang note of a 
young chicken and the hoarse growling noise of a young ferret. 
On the other hand, I cannot say that the young ferrets ever seemed 
to learn the meaning of the hen^s clucking. 

“During the whole of the time that the hen was allowed to sit 
upon the ferrets, she used to comb out their hair with her bill, in 
the same way as hens in general comb out the feathers of their 
chickens. While engaged in this process, however, she used fre- 
quently to stop and look with one eye at the wriggling nestful, with 
an enquiri|ig gaze jpepressive of iitonishraent. At other times, also, 
her family gave her good reason to be surprised, for she used often 
fo fiy off* the nest su(]®erily with a loud scream, an action which 
^as doubtless due to the unaccustomed sensation of being nipped 
by the young^rrets in their search for the teats. It is further 
worth while to remark that the htu showed so much uneasiness of 



284 


INSTINCT : 


mind when the ferrets were taken from her to be fed, that at one 
time I thought she was going to desert them altogether. After 
this, therefore, the ferrets were always fed in the nest, and with 
this arrangement the hen was perfectly satisfied, apparently 
because she thought that she then had some share in the feeding 
process. At any rate, she used to cluck when she saw the milk 

coming, and surveyed the feeding with evident satisfaction 

Altogether, I consider this a very remarkable instance of the plas- 
ticity of instinct. The hen, it should be said, was a young one, and 
had never reared a brood of chickens. A few months before she 
reared the young ferrets she had been attacked and nearly killed by 
an old ferret, which had escaped from his hutch. The young ferrets 
were taken from her several days before their eyes were open.” 

This variability of instincts under varying conditions is a 
matter of considerable importance in enabling us better 
to understand the enormous variety of Animal Instincts 
and the mode in which some of the most complex and 
extraordinary of them may have originated. On this 
subject Mr. Darwin says Under domestication in- 
stincts have been acquired, and natural instincts have 
been lost, partly by habit, and partly by man selecting 
and accumulating during successive generations peculiar 
mental habits and actions, which at first appeared from 
what we must in our ignorance call an accident. In some 
cases compulsory habit alone was suliicient to produce in- 
herited mental changes ; in other cases compulsory habit 
has done nothing, and all has been the result of selection 
pursued both methodically and unconsciously.” Again, 
among wild animals ‘‘ changes of instinct may sometimes 
be facilitated by the same sperms having difierent instincts 
at difierent periods of life, or at dilfcrcii^ seasons of the 
year, or when placed under difierentfcircumstances, &c. ; 
in which case eitiier the one or the other instinct migb^^ 
be preserved by jiatural selection. And suclfanstances of 
diversity ot instinct in the same spe^es can be shown 

♦ « Ovlgin of Species,” 6th edition, 1872, pp. 206, 207, 211, 2o3. 
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occur in nature. . . . Under changed conditions of life it 
is at least possible that slight modifications of instinct 
might be profitable to a species ; and if it can bo shown 
that instincts do vary ever so little, then I can see no diffi- 
culty in natural selection preserving and continually accu- 
mulating variations of instinct to any extent that was profit- 
able. It is thus, as I believe, that all the most complex 
and wonderful instincts have originated. As modifica- 
tions of corporeal structure arise from, and are increased 
by, use or habit, and are diminished or lost by disuse, so 
I do not doubt it has been with instincts. But I believe 
that the cfiects of habit are in many cases of subordinate 
importance to the effects of natural selection, of wdiat may 
be called spontaneous variations of instincts : that is of 
variations produced by the same unknown causes which 
produce slight deviations of bodily structure. .... For 
peculiar habits confined to the workers or sterile females, 
however long they might be followed, could not possibly 
affect the males and fertile females which alone leavo 
descendants.*’ 

As typical instances of the more complex Instinctive 
Acts may bo cited the web-weaving and nest-building 
habits of Spiders ; the gathering and storing of honey, 
together with all the social acts of Bees ; the slave-making 
and other habits of Ants ; the migrations of Fishes at 
spawning-time ; the selection of site and mode of ovi- 
position among Amphibia; the nest-building acts and 
migrations of Birds ; the ^use-building and food-storing 
acts of ^3eavei^. There can be little doubt, that if our 
means of knowlecS^e were greater than it is, we should 
bo able to explain these and all other Instincts by refer- 
ence to hje doctrines of ‘inherited acquisition’ and 
‘ natural selection, ’^ither singly or in combination. 



CHAPTEE XV. 

NASCENT REASON, EMOTION, IMAGINATION AND VOLITION. 

The views set forth in preceding chapters in regard to 
Eeflex and Instinctive Actions permit certain important 
corollaries to he deduced therefrom. And should these be 
found to harmonize with many known facts, such corre- 
spondence of facts with theoretical deductions will prob- 
ably be hold to afford additional evidence in favour of 
the views in question. 

In this chapter we shall refer to three such corollaries, 
and see what evidence can bo adduced in support of them. 

(1.) It would seem likely tliat, — All the definite acts of 
very low organisms would partake either of the nature of 
lioflex Actions or of the Simj)le Instinctive Acts into 
which these latter merge by almost insensible gradations. 

This proposition might be expected to hold good for all 
the actions of Medusae, Worms, and Mollusks — with the 
exception, perhaps, among the latter, of some of those 
manifested by the active and highly endowed Cephalopods. 

A rude unfamiliar touch of any kind evokes in a Snail, 
on its travels, only one set of actions : its body and horns 
contract, and the former is dilwn by its |ptracto» muscle 
within the sheP. No other actions are ever seen to follow 
such a stimulus. In its daily walS^ also, the various 
movements of the Snail are of the simplest Mnd, largely 
instigated, it would seem, by the visceral and general con- 
dition known to as as ‘ hunger/ a4i only more rarely 
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diversified by other promptings. Influenced by an ‘ im- 
pulse/ or ‘ desire * for food, impressions of Smell and 
Sight doubtless guide the animal to the plants on which it 
is accustomed to feed, and whose leaves it devours with 
that accompaniment of Feeling, definite or indefinite, 
which may pertain to its rudimentary nervous actions. 

(2.) Wo might expect to find that, — The lower the de- 
velopment of the Brain in those organisms which perform 
any of the more Complex Instinctive Actions, the less fre- 
quently would anything like Eeason appear to intervene in 
their accidental relations with unfamiliar phenomena out- 
side the range of their ordinary instinctive experiences. 

In order to test the correctness of this inference, it 
seems desirable to study pretty closely some of the recorded 
acts of those Social Insects of which we know most, and 
whose instincts are so remarkable — such as Bees, Wasps, 
and Ants, We may thus be able to arrive at some con- 
clusion as to tlie extent to which, what is ordinarily 
termed ‘ Season,’ seems to influence their actions. For- 
tunately, we have available the reeprds of numerous ex- 
perimental observations recently made by Sir John Lub- 
bock,’^ and conducted with all the care that could be 
desired, in regard to the reputed high intelligence of these 
very animals. They, or, at all events. Bees and Ants, have 
long been the special favourites of naturalists, many of 
whom have not hesitated to put the mo«t liberal construc- 
tions upon the fmts and dci^anour of their insect friends. 
There has beerf, unquestionably, a tendency to look at 
these acts from a iShich too exclusively human point of 
view. 

This bein^l so, it was all the more necessary that some 

* “ Journ, ot Linn. Soc. (Zool.),” volsl xii., xiii., and xiv. 



238 


NASCENT REASON, EMOTION, 


skilled observer should, as Sir John Lubbock has done, 
make new and special observations on the subject. 

A few illustrations will enable the reader to form his 
own judgment, as to the extent of the power possessed by 
the Social Insects of adapting themselves to unfamiliar 
conditions. 

The first instance shows forcibly the comparative ina- 
bility of Lees to accommodate* themselves to changes in 
their environment, and, incidentally, their lack of any 
real loyalty or ‘ sympathy ’ for their queen when she is 
away from her customary surroundings. 

Wishing to exchange his queen Bee for one of another breed, 
she was placed, Sir John Lubbock says, ** with some workers in a 
box containing some comb.” Under these now and unaccustomed 
conditions the workers took no notice of their queen, so that three 
days afterwards she was found “ weak, helpless, and miserable.” 
The next day some bees were coming to a store of honey at the 
observer’s window, and he placed the helpless queen close to them. 
“ In alighting, several of them evqp touched her ; yet not one of 
her subjects took the slightest notice of her. The same qiieen^ 
v.'hen afterwards placed in a hive, immediately atti'acted a rmnihcr 
of bees,** 

•• 

Another experiment also tends to confirm the machinc- 
like or undeviating regularity of the intelligence of B(?es, 
by showing their difficulty in recognizing food when it is 
placed under conditions slightly different from those to 
which they are accustomed. 

A number of these insects were^oticed tobe'^ry busy with some 
berberries, and Sir Jolin Lubbock says ; “ I put a saucer^ with some 
lioney between two bunches of flowers ;^theso were repeatedly 
visited, and were sc close that there was hardly room for the saucer 
between them, yet from 9.30 to 3.30 not a single bee took any 
notice of the honey. At 3.30 I put some honey %n one of the 
bunches of liowers, and it was eagerly s^^ked by the bees ; two 
kept continually returning till past five in uie evening.” 
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Again, not to be able to supplement one mode of sen- 
sorial guidance by another, as in the following simple case, 
recorded by the same able observer, reveals what seems to 
be a strange lack of adaptive intelligence on the part of 
the Bee. 

“ At 10.15 I put a bee into a bell-glass, 18 inches long, and with 
a mouth inches wide, turning the closed end to the window; she 
buzzed about till 11.15, when, as there seemed no chance of her 
getting out, I put her back into the hive. Two flies, on the con- 
trary, which I put in with her, got out at once. At 11.30 I put 
another bee and a fly into the same glass ; the latter flew out at 
once. Eor half an hour the bee tried to get out at the closed end ; 
I then turned the glass with the open end to the light, when she 
flew out at once. To make sure, I repeated the experiment once 
more, with the same result.*^ 

‘‘ Both bees and wasps,” Sir John Lubbock thinks, 
find their way about by a ‘ sense of Direction ’ rather than 
that of Sight, though the wasp docs not so helplessly 
ignore the latter source of knowledge as the bee seems to 
do.” The Ant, on the contrary, appears to have scarcely 
any ^ sense of Direction.* It seems to guide itself almost 
wholly by its sense of Smell, and, when baffled on such a 
track, wanders about vainly, making little or no use of its 
sense of Sight. This has been most clearly shown.'* 

Ants often take little, or, mostly, no notice of friends in 
distress, or of dead ants lying in their path, yet if one 
or two are crushed to death, in some portion of a fre- 
quented track, all those arriving just afterwards at the 
spot appejir to b^.ome frigliliined and bewildered. They 
I’un hither and thi^^er in an excited manner, and soon 
either wander away or return. This is, perhaps, due in the 
i^ain to a vep^ strong odour emanating from the crushed 
Ants, rather than to any violent emotion produced by the 

* “ Journ. of J^inn. Soc.,” vol. xiii. pp. 239-244. 
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sight of dead comrades, whom they generally disregard. 
This notion is borne out by the fact that they behave in 
almost the same way if the tip of the finger is drawn across 
their line of route on a wall ; or if a mark is made with a 
stick or a stone across their route when they are travelling 
on the ground. These Insects appear, indeed, to become 
excited and bewildered in the face of any unusual impres- 
sions coming through their dominating sense-organs, and 
this to a degree proportionate to the strength and novelty 
of such impressions.* 

The common Ants of this country will not, even under 
strong temptation, drop or jump downwards from some 
slight elevation. Sir John Lubbock frequently made 
experiments of this kind. He introduced some ants 
{Lasius nifjer) to a store of larva), and after they had 
been engaged for some time in removing them, he elevated 
one portion of the bridge over which they were compelled 
to pass in going back to the larva), so that this elevated 
end of the bridge was three-tenths of an inch above the 
remaining portion. The result, frequently repeated, was 
that, after a while, ^and much coursing backwards and 
forwards, they all went aw^ay, losing their prize, in spite 
of most earnest efforts, because it did not occur to them to 
drop y 0 of an inch.” t The same observer adds : — “ At the 
moment when the separation was made there were fifteen 
ants on the larvfe. These could, of course, have returned 
if one had stood still and allowed the others to get on its 
back. This, however, did |>ot occur to them.” They 
wandered about for a long time in t^o moA aimless 
manner. f» 

This apparent lack of ingenuity and reluctance to drop 
from small heiglii s, as shown by our Englislfijants, is very 
* “ NatiiTo/* vol. vii. p. 443 ; vol.|/iii. pp. 244, 303. 
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remarkable, but certainly not common to such creatures 
generally. This is shown by facts communicated to Kirby * 
by Colonel Sykes, from his own observation, concerning 
certain large black ants ” common in India. 


“ When resident at Poona,” he says : — “ the dessert, consisting 
of fruits, cakes, and various preserves, always remained upon a 
small side table, in a verandah of the dining-room. To guard 
against inroads, the legs of the table were immersed in four basins 
filled with water; it was removed an inch from the wall, and, to 
keep off dust from open windows, was covered with a tablecloth. 
At first the ants did not attempt to cross the water, but as the 
strait was very narrow, from an inch to an inch and a half, and 
the sweets very tempting, they apx^car, at length, to have braved 
all risks, to have committed themselves to the deep, to have 
scrambled across the channel, and to have reached the objects 
of their desires, for hundreds were found every morning revelling 
in enjoyment: daily vengeance was executed upon them with- 
out lessening their numbers; at last the logs of the table were 
painted, just above the water, with a circle of turpentine. This at 
first seemed to prove an effectual barrier, and for some days the 
sweets were unmolested, after Which they were again attacked by 
these resolute plunderers ; but how they got at them seemed totally 
unaccountable, till Colonel Sykes, who often passed the table, was 
surprised to see an ant drop from the wall, about a foot above the 
table, upon the cloth that covered it ; another and another suc- 
ceeded. So that though the turpentine and the distance from the 
wall appeared effectual harriers, still the r'^sources of the animal, 
when deti^rrained to carry its point, were not exhausted, and by 
ascending the wall to a certain height, with a slight effort against 
it, in falling it managed to land in safety upon the table.” 


These seem to have been acts prompted by ‘reason/ but 
they wev^ proba5/ly guided a far better sense of Sight 
than is possessed by^our English ants, which, as Sir John 
Lubbock has shown, rely very little upon this sense for 
guidance. ^ is only fair to point out, therefore, that the 
seeming lack of intelligence botrayed by our English ants, 

* ** ifabits^nd Instincts,” vol. ii. p. 251. 
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from their disinclination Jo take a small leap, may be due 
simply to their defective sight. A sense of Smell, how- 
ever keen, would scarcely afford sufficient guidance to 
tempt an animal to jump, and the very small laterally- 
placed eyes of the English ants w’ould probably not be very 
serviceable in the accomplishment of such an act. 

Bees have been commonly reputed to show signs of 
Compassion for their fellows fs^hen injury or misfortune 
overtakes them. In regard to this. Sir John Lubbock 
says * : — 

“ It is, no doubt, true that when they have got any honey on 
them, they are always licked clean by the others ; but I am satisfied 
that this is for the sake of the honey rather than of the bee. On 
the 27th of September, for instance, I tried with two bees: one had 
been drowned, the other was smeared with honey. The latter was 
soon licked clean, of the former they took no notice whatever. I 
have, moreover, repeatedly placed dead bees by honey on which live 
ones were feeding, but the latter never took the slightest notice of 
the corpses.” Further experiments^ confirmed this opinion, as in his 
second paper (loc. cit, vol. xii. p. 2^11) Sir John Lubbock says: “ far 
indeed from having been able to discover any evidence of affection 
amongst them, they appear to be thoroughly callous and utterly 
indifferent to one another.” 

No evidence was forthcoming to show that the behaviour 
of English Ants to wounded comrades was very differeufc 
(loc. cit., p. 492), though it is true that those which were 
marked and then returned to their nests, usually had the 
paint cleaned off by their fellows. -f- But Mr. Belt, in his 
“Naturalist in Nicaragua,” #sites some very remarkable 
instances of sympathetic helpfulness, which were displayed 
by ‘ foraging Ants ’ towards unfortuf'ate comrades. He 
says : — 

% 

“ One day when watching a small column of these ants {JfJciton 

* Loc. cit , vol. xii. p. 128. f Loc.^t., vfll. xiii. p. 230. 
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hamata) I placed a little stone on one of them to secure it. The 
next that approached, as soon as it discovered its situation, ran 
backwards in an agitated manner, and soon communicated the in- 
telligence to the others. They rushed to the rescue : some bit at 
the stone and tried to move it ; others seized the prisoner by the- 
legs, and tugged with such force that I thought the legs would be 
pulled off — but they persevered till they got the captive free. I 
next covered one up with a piece of clay, leaving only the ends of 
the antennas projecting. It was soon discovered by its fellows, 
which set to work immediately, and by biting off pieces of the clay, 
soon liberated it.” 

It is possible, however, that such acts as are above 
recorded may have been very commonly performed by 
‘ foraging Ants ’ on behalf of distressed comrades, though 
they arc not habitual with Ants of other species. It is 
not at all necessary to believe that any definite communi- 
cations had, as Mr. Belt suggests, been made to the Ants 
which came out to help. They may have simply followed 
tlieir excited companion. Evidence in regard to this latter 
point, so far as ordinary Anfcs are concerned, will presently 
be cited. 

Again, the Social Insects have been said to show signs 
of Joy, by mutual caresses, when old comrades meet after 
weeks or months of separation. But careful test experi- 
ments gave Sir John Lubbock no evidence of this behaviour, 
either wfth Bees, Wasps, or Ants. It has been often said 
that the members of one hive alw^ays recognize one another, 
and that strangers are driven out. This seemed to be true 
only in part. Ho found that Bees knew and almost habi- 
tually returned t# their own^ivc. Occasionally, however, 
they entered a strj^go hivti, and this without fear or 
molestation. Ants seem to remember each other much 
better than Bees. Sir John Lubbock found* that strange 
Ants were not permitted to lemaiii in a nest ; they were, 

* Tjoc.^it., vol. xiii. pp. 221-237. 
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in almost all cases, persistently attacked and ultimately 
killed — one species, however {Lasius Jiavus) , presented an 
exception to this rule. Previous comrades, after a separa- 
tion of six months or more, are not received with any 
signs of cordiality, though, at the same time, their pre^ 
sence is not as a rule objected to, and they soon appear 
quite at home again. This apparent memory of indi- 
viduals pertaining to the same 'nest for one another may, 
perhaps, after all, be rather dependent upon some subtle 
discrimination by the sense of Smell. An Ant of a strange 
colony, though belonging to the same species, may present 
some sensorial attribute leading to its recognition as an 
intruder ; whilst a member of the same colony, even after 
long absence, presenting no unusual characters, is not so 
much remembered as passed by in a heedless manner. 

What, moreover, are we to infer as to the memory or 
ability to be taught by their own individual experience on 
the part of Wasps, in the face of the following facts nar- 
rated by Sir John Lubbock 

A Wasp which had been marked for identification, smeared her 
wings with syrup, so that she could not fiy, and as the exiieriin enter 
did not know where her nest was, he could not submit her to the 
before mentioned cleansing operations of her companions. He 
thought she was doomed, but, as a last resource, resolved to wash 
her himself, fully expecting “ to terrify her so much, that she would 
not return again.” He, therefore, ‘‘caught her, put her in a bottle 
half full of water, and shook her up well till the honey was washed 
off.” She was then transferred to a dry bottle, and j^ut in the sun. 
When she was dry, Sir John Limbeck says, “ 1 let her out, ami 
she instantly flew to her nest. Twny surprise, \in thirt^an minutes 
she returned as if nothing had happened, and continued her visits 

to the honey all the afternoon Th*' experiment interested 

me so much, that I repeated it with another marked wasp, tliis 
time, however, keepin^^ the wasp in the w^ater till^he was quite 
motionless and insensible. When taken out of the water she soon 

* “ Journ. of Linn. Soc.,” xii. 138. 
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recovered ; I fed her ; slie went quietly away to her nest as usual, 
and returned after the usual absence. The next morning this wasp 
was the first to visit the honey.” 

After what has been already stated, the reader will not 
be surprised to learn that the careful enquiries of Sir John 
Lubbock give no support whatever to the supposition that 
the Social Insects have a kind of language of their own. 
He found no evidence of their possessing a power of com- 
municating with one another by means of their antennae, 
or otherwise, so as to enable them “ to narrate facts or 
describe localities.” His enquiries were carefully directed 
and often repeated, with the view of throwing decisive 
light upon this question ; and, in opposition to the state- 
ments of Huber and Dujardin, they seem, as he says, “to 
show that wasps and bees do not convey to one another 
information as to food which they may have discovered.” 
He adds : — “ No doubt when one wasp has discovered and 
is visiting a supply of syrup, others are apt to come too, 
but I believe that they merely follow one another. If they 
communicated the fact considerable numbers would at once 
make their appearance ; but I have never found this to be 
the case.” The experiments and observations made by 
this skilful investigator with Ants, with the view of throw- 
ing light upon this same question, have been even more 
exhaustive and carefully planned, and have led him to the 
following' conclusion * : — “When an Ant has discovered a 
store of food and others gradually flock to it, they are 
guided, in some cases by^ight, while in others they 
track onefanoth^ by scent.™ 

Bees and Wasps ‘pgain have been imagined by some to 
be in the habit of making known their Emotions to one 
another by ^ans of sounds, which would of course imply 
that they possess a sense of Hearing. As previously 
* * iSc. cit, vol xii. p. 485. 
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stated (p. 205), however, the same observer found that 
neither Bees, Wasps, nor Ants, seemed to take the least 
notice of the most varied sounds produced in their vicinity. 

Those investigations of Sir John Lubbock are the best 
that have ever been made to really test, by means of 
carefully devised experiments, the adaptive intelligence of 
the Social Insects, whose Instinctive Acts are so compli- 
cated and marvellous, and as far as they have yet gone 
they suffice to show us the very scanty grounds that exist 
for crediting them with anything like Keason. His ex- 
periments have revealed, in the groat majority of cases, 
a very surprising lack of Reason, when even the slightest 
departure from their customary actions was alone need- 
ful, in order that these Insects — the most intelligent of 
their class — might adapt themselves to certain purposely- 
altered conditions in their environment. 


(3.) The next corollary is the converse of that which 
has just been illustrated. Tc is this, — The higher the 
development of the .Brain in those organisms which perform 
any of the more complex Instinctive Actions, the more 
frequently will acts of ‘ Reason ’ appear to intervene in 
their accidental relations with unfamiliar phenomena out- 
side the range of their ordinary instinctive experiences. 

Next to those of Insects, the instincts of Birds are, 
perhaps, the most remarkable, and as the Brain and 
Nervous System generally is so much more highly deve- 
loped in Birds than it is in Insects, we ought, in accordance 
with the corollary above meifeioncd, to fllt|d in ijie former 
a much greater liberty and choice oL action, together with 
a more decided and more frequent*exercise of the lower 


modes of Reason, Emotion, Imagination, and Volition 
than is to be met with among the latter.**^ * 


is not meant for the reader to infer tiat thfe distinct inanifesta- 
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It will not, we think, be difficult to find evidence of the 
existence among Birds of an altogether richer and more 
varied scries of life phenomena. Some few illustrations 
will now be cited. 

An interesting story from the pen of the Scottish natu- 
ralist, Thomas Edwards, so much of whose life has been 
devoted to the study of the habits of the lower animals, 
may first be quoted. It refers to a little bird called the 
‘ Turnstone,’ which feeds on the small Sandhoppers of 
the sea-shore. The acts cited seem to testify to the exist- 
ence of a distinct imagination of an end desired, and also 


lion of these mental states is not met with till we come to animals 
of this degree of organization. The signs of Emotion, for instance, 
are most typical in certain Keptiles. B. M. Middleton says (“Na- 
ture,” October 31st, 1878, p. G96) : — “ During the past summer I 
have kept five Chameleons in captivity, and have repeatedly observed 
their terror and rage when confronted with snakes. When a largo 
Algerian chameleon, now in njy possession, perceives a common 
snake wriggling in its vicinity, he at once infiates his body and 
2 :>ouch, sways himself backwards and forwards with considerable 
energy, or walks rapidly away with his body leaning over in the 
direction farthest from the snake, opening his huge cavernous 
mouth, and hissing, and even snapping at what he evidently 
regards as his natural enemy. At the same time his body assumes 
an almost instantaneous change of colour, and is quickly covered 
with a large number of small brown spots. It is curious that even 
similar sjmptoras of fear and anger are displayed when a lizard 
or even a tree-frog is exhibited to him. The climax of grotesque 
nervousness was, however, reached one day when the sight of a 
child’s doll produc^ the like eff^t ; in this case it is probable that 
tke glass jyos of m.e doll, giving to it the a23pearance of life, were 
what caused this t(^rrort|n the reptile.” The writer has also lately 
noticed these signs of^anger or terror in the chameleon. The 
swaying of the body backwards and forwards, together with the 
wide opening ®f its enormous mouth, were constant features, and 
when the animal was t^en up at this time, a peculiar thrill-like 
vibration of the bddy cwld be distinctly felt. 
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of a reasoned and volitional adaptation of means to bring 
about such an end. T. Edwards says : — 

“ Passing along the sea- shore on the west of Banff, I observed 
on the sands, at a considerable distance before me, two birds beside 
a large-looking object. Stooping down with my gun upon my 
back, prepared for action, I managed to crawl through the bents 
and across the shingle for a considerable way, when I at length 
came in sight of the two little workers, who were busily endeavour- 
ing to turn over a dead fish which was fully six times their size. I 
immediately recognized them as turnstones. Not wishing to dis- 
turb them, anxious at the same time to witness their operations, and 
observing that a few paces nearer them there was a deep hollow 
among the shingle, I contrived to creep into it unobserved. I was 
now distant from them but about ten yards, and had a distinct and 
unobserved view of all their movements. . . Having got fairly settled 
down in my pebbly observatory, I turned my undivided attention 
to the birds before me. They were boldly pushing at the fish with 
their bills and then with their breasts ; their endeavours, however, 
were in vain — the object remained immovable. On this they both 
went round to the opposite side, and began to scrape away the sand 
from close beneath the fish. ^fter removing a considerable 
quantity, they again came back to the spot which they had left, 
and went once more to work with their bills and breasts, but with 
as little apparent success as formerly. Nothing daunted, however, 
they ran round a second time to the other side, and recommenced 
their trenching operations, with a seeming determination not to 
be baffled in their object, which evidently was to undermine the 
dead animal before them, in order that it might be the more easily 
overturned. While they were thus employed, and after they had 
laboured in this manner, at both sides alternately, for nearly half- 
an-hour, they were joined by another of their own species, which 
came flying with rapidity from the neighbouring rocks. Its timely 
arrival w^as hailed with evident si|^ps of joy. • • Their mutual 

congratulations being over, they all three fell” to wor^, and after 
labouring vigorously for a few minutes in|'3moving the sand, they 
came round to the other side, and, putting their breasts simul- 
taneously to the fish, they succeeded in raising it some inches from 
the sand, but were unable to turn it over. It wenf^‘iown again to 
its sandy bed, to the jnanifest disappointment of the three. Best- 
ing, however, for a sp.i,co, and without mowltig frbm their respective 
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positions, which were a little apart the one from the other, they 
resolved, it appears, to give the matter another trial. Lowering 
themselves upon their breasts close to the sand, they managed to 
push their bills underneath the fish, which they made to rise to 
about the same height as before ; afterwards, withdrawing their 
bills, but without losing the advantage they had gained, they 
applied their breasts to the object. This they did with such force, 
and to such purpose, that at length it went over and rolled several 
yards down a slight declivity. It was followed to some distance 
by the birds themselves before they could recover their bearing. 
They returned eagerly to the spot whence they had dislodged the 
obstacle which had so long opposed them, and they gave unmis- 
takable proof, by their rapid and continued movements, that they 
were enjoying an ample repast as the reward of their industrious 
and praiseworthy labour.’* 

Again, a writer in ‘‘ Nature ” * describes an incident 
witnessed by himself outside an Inn near Kichmond, 
where some ‘ Pouter ’ pigeons were feeding. The actions 
of one of them were of a very unusual character, and 
had in all probability been learned by the individual 
bird itself. It would se(?m, moreover, that they must 
have been undertaken with a pretty distinct notion of the 
end to be obtained. The writer says : — 

“ A number of them were feeding on a few oats that had been 
accidentally let fall while fixing the nose-bag on a horse standing 
at bait. Raving finished all the grain at hand, a large ‘ Pouter* 
rose, and, flapping its wings furiously, flew directly at the horse’s 
eyes, causing that animal to toss his head, aiid in doing so, of 
course, shake out more corn. I saw this several times repeated ; 
in fact, whenever the supply on hand had been exhausted.” The 
wiiter may well ask whether tl^ was not “ something more than 
more instmet,” 0 ^ 

The maternal aff^^tion of the Bird for its young is well 
known ; but no less remarkable is the Reason which they 
sometimes ^splay under the promptings of this Emotion. 
A few examples will illustrate this. 

• i^ug.21. 1873 p.325. 
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White, in liis “Natural History of Selborne,” says that some 
Fly-catchers built every year in the vines that grew on the walls of 
his house. “ A pair of these little birds,” he adds, “ had one year 
inadvertently placed their nest on a naked bough, — perhaps iu a 
shady time, not being aware of the inconvenience that would follow: 
but a hot sunny season coming on before the brood was half fledged, 
the reflection of the wall became insupportable, and must inevitably 
have destroyed the tender young, had not affection suggested an 
expedient, and prompted the parent birds to hover over the nest 
all the hotter hours, while, with wings expanded, and mouths gaping 
for breath, they screened off the heat from their suffering off- 
spring.” 

Another remarkable instance is also cited by the Editor of the 
above work.* He says : — “ During a wet day, a house swallow’s 
nest became saturated, and fell to the ground. It contained five 
unfledged young ones. A lady who saw the accident, collected the 
brood, placed the lining of the nest in a small basket inside [? out- 
side] the window of her dressing-room. She soon had the pleasure 
of seeing the old birds come and feed their offspring. One of them 
was so weak, that it did not receive the same quantity of food as 
the others, and, consequently, when they were able to leave the 
nest, this helpless one remained, ^nly half fledged, and suffering 
from cold, when it had the whole nest to itself. There was at the 
time a bitter north-cast wind, which penetrated through the open- 
ings in the basket work, and which, of course, added to the misery 
of the poor bird. AU at once the old ones were seen to come ivlth 
clay in their mouths, and in a short time they built up a icall 
ayainst the hashet, 'ichich effectually screeyied the yowng one from 
the cold wind. It was reared and took its flight.” 

These seem to bo unquestionably reasoned acts, per- 
formed with a distinct ‘ imagination * of the objects which 
they wore to subserve, and this, too, in the face of altogether 
unfamiliar conditions. have, tl|grofore„j Reason, 

Imagination, and Volition, combining; for' the attainment 
of a novel end. But other notable irrbtances may be cited. 
The Editor of White’s ‘ Selborue ’ says t : — 

© 

* Bohn’s “ Illustrated Library ” edition, p. 154. 
t Bolin’s editiun, p. 166. ^ * 
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“ Several interesting facts have been communicated to me of the 
revengeful disposition of martins, when their nests have been 
invaded by sparrows. In one instance, at Ham])ton Court, a 
gentleman informed mo the morning it took place, that a couple 
of sparrows had hatched their young in a martin’s nest. Two or 
three days afterwards, a number of martins came, pecked the nest 
to pieces, and he saw the unfledged young dead on the ground 
beneath the window. In another instance, the foreman of the 
carpenters at the palace, Hampton Court, informed me, that while 
working at his bench close to the window, a pair of swallows built 
their nest in a corner of it, and where he frequently watched it. 
When completed some sparrows took possession of it, and 
deposited their eggs. While the hen was sitting on them, several 
martins came and closed up the hole. After a few weeks he ex- 
amined the nest, and found the bird dead on her eggs.” 

Again, according to Swainson, “Many of the parrot family are 
well known to evince a strong and lasting affection towards each 
other and he adds : — “ Bonnet mentions the mutual affection of a 
pair of those called love-birds, who were confined in the same cage. 
At last, the female falling sick, her companion evinced the strongest 
marks of attachment; he carried all the food from the bottom of 
the cage, and fed her on her j^erch ; and when she expired, her 
unhappy mate went round and round her, in the greatest 
agitation, attempting to open her bill, and give her nourishment. 
He then gradually languished; and survived her death only a few 
months.” 

But the actions of Birds in defence of their young are 
perhaps the most remarkable, and associated with the 
greatest strength of Emotion — self seems no longer to bo 
considered, danger no more dreaded. As Swainson says : — 
“ Tho most feeble birds, at the season of incubation, 
assault the strong and fier(^ ; the weakest will assail the 
most powerful. '^It is a w^l-known fact that a pair of 
ravens, which dwelij^in a cavity of the rock of Gibraltar, 
would never suffer a vulture or eagle to approach their nest, 
but would Iprive them away with every appearance of fury.” 
And the artifices ^ployed by the partridge, tho lapwing, 
the ring plover/ theYcewit, and numerous other land birds, 
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to blind the vigilance, and divert the attention of those 
who may come near their little ones, is equally curious.” 

It may fairly he held that the more varied and complex 
the Sensorial Impressions capable of being discriminated 
from one another (the wider the range, that is, of an ani- 
mal’s Cognitive Powers), the more occasion and oppor- 
tunity is there for elementary modes of Reason to inter- 
vene between ingoing impressions and the motor responses 
which they are destined ultimately to incite. 

But it seems clear that, with the single exception of 
the sense of Smell, the sensorial endowments of Birds 
are to be regarded as far more developed than those of 
Insects. Their far-reaching and discriminative Vision, 
their acute powers of Hearing, together with their highly 
refined ^ sense of Direction,’ must of necessity confer 
upon Birds a power of increasing enormously the range 
and complexity of their relations with the outside world. 
To these advantages they add those which accrue from 
their longer individual lives, and, above all others, from 
the fact that these superior endowments and opportuni- 
ties of improvement operate in concert with a vastly more 
complex Nervous System which they have inherited from 
a long but indefinite series of simpler ancestors. Need we 
'wonder, then, if the evidence should seem to show, that, 
while the instincts of Jhrds are perhaps less elaborate, 
their adaptive intelligence or Reason, and the strength 
and definiteness of their Emotions, are unquestionably 
far superior to those presenteu by the Sol^al insbets. 

We may, perhaps, safely conclud^- that, while many 
Instinctive Actions arc more or less immediate products 
or resultants, consequent upon the undeviati^ regularity 
in the recurrence of Visceral States and impressions 
of the sense “guides movements whiclSthey* evoke; ReasoHi 
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Imagination, and Volition, on the other hand, as mere 
higher developments arising out of previous processes, 
have their seed-time in all that is unfamiliar among the 
chance Sensorial Impressions which Animals, whoso ‘ ex- 
perience * is growing and whose Nervous Systems are 
developing, are accustomed at intervals to receive from 
the outer world. 



CHAPTER XVT. 

THE BRAIN OP QUADRUPEDS AND SOME OTHER MAMMALS. 

A GREAT advance is to be met with in the development 
of the Brain in passing from Birds to Mammals, and from 
lower to higher forms of the latter. There are obvious 
differences in external conformation, and also internal 
differences only to be detected by dissection of the 
organ. 

External Differences. — The first and most important 
of these peculiarities is the increasing size of the 
Cerebral Lobes or Hemispheres. In lower Quadrupeds 
these parts scarcely extend far enough back to cover the 
Optic Lobes, whilst in higher terms of the series they not 
only hide these bodies completely, but also in part hide 
the more developed Cerebellum, The Cerebral Hemi- 
spheres in Quadrupeds also tend to become more and 
more plainly indented by certain primary depressions or 

* fissures,’ by which they are divided into what are called 
Mobes.* The Hemispheres are also, to an increasing 
extent, marked by various waller secondary fissures or 

* sulci,’ by which, together witn the prima:^ fissures, certain 
foldings of the surface of the braiuAknown as ‘ convolu- 
tions ’ or ‘ gyri,’ are produced. 

The second of the external peculiarities, aiove referred 
to, is the gradually increasing size of the lateral lobes of 
the Cerebellum- -parts which, like^he •Cerebral Hemi- 



Chap. XVI.] THE BRAIN OF QUADRUPEDS. 


256 


spheres, will be found to attain their maximum develop- 


ment in Man. 

The third external pecu- 
liarity is a consequence of 
the second. It consists in 
the gradual increase of the 
'pons VaroliV a part of 
the brain which stretches 
across the inferior surface 
of the Medulla in a bridge- 
like fashion. Hence its 
name — coupled with that 
of one of the earlier ana- 
tomists. This structure, 
which was formerly believed 
to be merely a great trans- 
verse commissure uniting 
the lateral lobes of the Cere- 
bellum with one another, 
becomes w^ell developed in 
higher Quadrupeds and in 
Cetacea, though it is repre- 
sented in Birds only by a 
few barely perceptible fibres. 
Its true nature will be more 
correctly defined in the de- 
scription of the human brain. 




Internal Differences. — 
Only a few of tli^ most im- 
portant and obvious these 
can be here referred to. 

(1.) Th(j| two Optic 


Fio. OS,— nnihi and Spinal Cord of Kan- 
Aruo ). (Owen.) 1. Sccti«>n of 

Spinal Cord in situation from which Nerves 
to .anterior extremities arc given off ; 2. Sec- 
tion through lower dorsal region ; 3. Section 
through lumbar swelling of Cord. Each of 
these sections shows the donhlo area of 
’ ganglionic matter within the Spinal 


Lobes become rcktively 

smaller in highA Qraidrupedt;, tl ougli in all of them they 
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are more or less deeply indented in the transverse direc- 
tion, by a depression or groove which thus divides them 
into four rounded swellings, answering to what, in higher 
animals and in Man, are known as the ‘ Corpora Quadri- 
gemina.* The cavity existing within them in lower Verte- 
brates now becomes reduced to a mere passage between 
the third and fourth Ventricles. 

(2.) A great transverse commissure, connecting the 
Cerebral Lobes with one another, appears as a rudi- 



l-’io. G9.— l^rain of the Horse, outer surface. (Solly, after Leuret.) e. Olfactory 
lobe ; h, hippocampal lobe, or ‘ processus 2, 3, Lobes of the Cere- 

bellum. o, Optic nerve ; m, motor oceuli ; p, fourth nerve ; t, fifth nerve ; n, sixth 
nerve ; /, facial nerve ; i, auditory ; g, glossio-pharyngeal ; v, vagus ; a, spinal- 
accessory ; ?i, hypoglossal nerve, x, Foiia Varolii 

meiitary structure in lower Quadrupeds and gradually 
increases in size in higher representatives of this class. 
It is known as the Corpus Callosum, ^'his commissure 
principally connects the upper parts of the Cerebral 
Lobes, and soon comes to form tho ^>of of the two great 
^lateral ventricles.' 

(3.) A double commissure, known as tho Fo^ix, appears 
and gradually becomes more developed as another boundary 
of the ‘lateral vertricles/ Long ^roneously described 
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as a double longitudinal commissure, its halves, in reality 
(after a very irregular course, the direction of which varies 
in different animals), connect in each Cerebral Lobe, parts 
that are almost situated in the same transverse plane. 
The nature of these parts and the other relations of the 
Fornix will bo given further on (p. 272), and also in the 
description of the corresponding structure in the human 
brain. Its relations are of a complex order, so that its 


Fia. 70. Fro. 71. 



Fm. 70.— hrain of Apouti. (Owen.) a, Medulla; 6, fourth ventricle; c, median, 
3^rrd d, lateral lohetj of Cerebellum ; e. Cerebral llcmispbero ; olfactory lobes. 

Fia. 71.— Brain of Be; ver. (Owen.) The upper parts of tlio Cerebral Hemispheres 
Jiavo boon c\it away to the level of the ‘corpus callosum,’ so as to show this great 
traiisverao commissure.^ w, rincal bodj^B, corpora qus drigcmiiia; C, cerebellum. 

fuller description will be better reserved. It is necessary, 
however, here to slate, that it mostly lies beneath the 
* Corpus Callosum,’ and is closely connected with this great 
transverse elfmmissure posteriorly, though in passing for- 
^vards the two structjhres diverge from one another. 

(4.) In the space left between the Corpus Callosum above 
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(fig. 72, c, c) and the diverging Fornix below, are two thin 
vertical and almost parallel septa. These septa represent 
the inner walls of the ‘ lateral ventricles ’ and constitute 
parts, therefore, of the contiguous inner faces of the two 
Cerebral Lobes. They, together with the great trans- 
verse commissure above and the Fornix below, form the 
boundaries of a narrow and somewhat triangular cavity 
known as the ^ fifth ventricle.*^ This small ventricle is 



Fi(}. 72.- Crain of Horae, longitudinal section through its centre, 8lif)wing internal 
surface of Cerebral Hemisphere. (Solly, after Lcuret.) cc. Corpus eallosum, between 
it and the Fornix below and behind, is the ‘ fifth ventricle.’ Thalamus; co, tho 
middle or soft commissure ; t q, cori)ora quadrigeraina, in front of which is the 
I'incal body, with one of its ‘ peduncles ’ p:ussing forwards along tho upi)er lx)rder of 
the corresponding Thjdamus, and Ijehind it tho cut surface of the middle lobe of 
the Cerebellum, e. Olfactory lobe ; o, olivary body, 

quite diffeient from, and also quite unconnected with, the 
other four brain cavities, which are all of them continuous 
with one another — as are the corresponding antecedent 
cavities met with in tho early developmental phases ot 
tho brain. But the ‘ fifth -il^iitricle ' ohj|iously jpould not 
come into existence till tho Corpus Callosum and Fornix 
had become developed. Consequently no such cavity 
exists in Birds, Reptiles, Amphibia, or Fishes.* 

* The arrangement of these central parts of the ^rain in lower 
Quadrupeds has bee . well described and^igured by Prof. Flower 
in the PhUosoph. Trans, for 1865 . 
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It must not be supposed that anything like a regular 
serial order or progression is to be observed in the 
development of the Brain among Mammals. In the 
higher types of lower orders it will often be found 
better developed than among the lower types of higher 
orders. Still if we compare the extremes of the class — 
that is, higher with lower Mammals — a great increase in 
the developmental complexity of the organ, or in type of 
Brain, as judged by the human standard, will become 
perfectly obvious. 

The ratio of the weight of the Brain to the weight of 
the body, is subject to great variations, from different 
causes, so that a table of such ratios does not give any 
trustworthy information as to the relative development of 
tlie organ in different species of animals. We may be 
jible to deduce some kind of rough average, sufficing to 
indicate its increasing development if we compare class 
with class — as Fishes with Birds, or Birds with Mammals 
—but in detail and for estimating the relative develop- 
ment of the Brain in different species, its indications are 
of little or no value. This may be illustrated by the 
following table in which some of these ratios are given ; — 


tireenland Whale 

30d0 

Ornithorynclius . 

. 1 

130 

. 

860 

Porpoise 

. 1 

93 

tbeat Kangaroo . 

800 

Rat . 

. 1 

76 

Wombat 

614 

Chimpanzee 

. 1 

50 

Kl(^phaiit . 

500 

Man . 

. 1 

36 

Horse . 

400 .j 

1 Field Moufco 

. 1 

31 

Slieep . * 

350 

Goldiinch . 

. 1 

24 

. 

4 305 

Marmozet . 

. 1 

2*2 

Cat 

^ le56 

Canary 

. 1 

14 

Rabbit 

140 

Blue-headed Tit . 

. 1 

12 


It is, of course, obmous enough that the order indicated 
in the above series if one which uoes not correspond with 

s 2 
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the Intelligence of the respective creatures ; neither shall 
we find that it in the least degree harmonizes with the 
complexity of development to which the Brain attains. 

One of the principal disturbing causes arises from the 
fact, that in animals of any given order, the bulk or 
weight of the Ih’ain when passing from its smaller 
to its larger representatives, does not increase at all 
in the same proportion as the "total body- weight of such 
animals. Some striking illustrations of this fact have 
been cited by Professor Owen.* Small and largo repre- 
sentatives of the same order of animals arc, in the sub- 
joined list, bracketed together, in order to show how mucli 
greater is the ratio of brain- weight to body- weight in the 
diminutive forms. 


Very small Marsupial 

1 

1 

‘25 

Rock Coney • 


1 

or, 

Great Kangaroo 

) 

1 

800 

Rliinoccros 

.} 

1 

764 

Small Ant-eater 

] 

1 

00 

Weazel 

.'i 

1 

90 

Great Ant-eater. 

5 

1 

500 

, Grisly Bear 


1 

600 

Pygmy Chevrotain 


1 

80 

Marmozet 

.] 

1 

20 

Giraffe 

3 

1 

900 

Gorilla 

J 

1 

200 


In part explanation of these very interesting peculiari- 
ties, Prof. Owen advances the following hints. ‘‘ The 
Brain,’’ he says, “ grows more rapidly than the body, and 
is larger in proportion thcrefo at birth than at lull 

growth So in the degree in which a sj^ccies 

retains the immature character of dwarfishnoss, the brain 
is relatively larger than the body.” This may be to some 
extent an explanation of till* peculiaritK above ^ shown to 
exist ; but there are, doubtless, other vital and mechanical 
reasons, why the bulk of the BraiiF should not increase 
quite proportionately with the bulk of the body. 

We may now point out some of more striking pco i- 
* ** Aiiat. of the Vertebrates,” iii. p- 143. 
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Rarities of the several parts of the Brain, as met with in 
different representatives of the great class of Quadrupeds. 

The Medulla, the Cerebellum, and the pons Varolii, 
are so intimately related to one another, both struc- 
turally and functionally, that they may here be regarded 
as constituting one compound division of the Brain. 

There is nothing special to be said concerning the 


Medulla in Quadrupeds, ‘except that 
the lateral projections, known as ‘ oli- 
vary bodies,* gradually become more 
developed (fig. 72, /)). In many ani- 
mals, a layer of fibres on each side, 
known as the ‘ corpus trapezoideum ’ 
(fig. 73), crosses these structures and 
partially hides them. In higher Quad- 
rupeds, however, such transverse fibres 
cross the Medulla at a higher level or 
appear to bo absent (fig. 74^. Where 
this is the case the ^ olivary bodies * are 
uncovered ; and as they also become 
larger, they may form rounded promi- 



nonces, one on each side of the Medulla. 

The above-mentioned ^ corpora trape- 1. Lobe of the iiippoeamptis, 
zoidea,’ usually cross the Medulla at the " 


level of file ‘ origin * of the auditory and ^ cori>us mammu- 
lacial nerves. They arc very distinct ponsvaroiu; ^ corims tra- 


in tho Lion, the Dog, and the Sheep.* " 

The ujper p^t of the JJedulla is 
bridged above and closely embraced by a much thicker 
iiiass of fibres knoV^i as tho pons Varolii, the develop- 


»ient of which in different Mammals, is found to be strictly 


proportiona’^ to the development of the lateral lobes of 
the Cerebellum. m 

'* See Tiedemann’s ‘ leones Cerebri JSimianim,* Tab. in. and vii. 
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Where the Pons is well developed, the ‘ cerebral pedun- 
cles,’ being more covered, appear to bo curtailed in 

length (fig. 74, i, i). . ^ 

The Cerebellum in Marsupials (fig. 68), still consists 
principally of the ‘ median lobe,’ the surface of which is 
marked by deep transverse fissures, giving rise to a series 
of nearly parallel convolutions. Its ‘ lateral lobes exist 



Fit:. 74.— Brain of Dolpliiii, under surface. (Owen, after Ticdcmann.) f, 
lord ; h, anterior pyramids ; c. Pons Vurolii ; f, posterior inferior lobe of Cerebellum , 
anterior inferior lobe, g, amygdaloid lobe, an*l A. flocculus, all lobes of Cerebellum. 
S i, Cerebral peduncles ; p, corpus albicans ; o, pituitary body vi, tcmiToral lohe, 
ind I, anteHor lobe of Cerebrum. Olfactory bulbs absent ; 2. optic nerves , 3, nm 
lerves of eyes (fourtli nerve appears from aVjovo the Cerebellum, in fionto j , 

, the trigeminus; 6, the sixth nerve; 7, the facial, and 8, the auditory 
gb.sso-ifliaryngcal ; 10, vagus ; 11, spinal accessory; 12, hypoglossid; 13, first ccrviu 
nerve. 

V % 

merely as small appendages, and are thought by soine 
anatomists to correspond in highelf forms with certain 
accessory lobules, named ‘ flocciili.’ Among Bodentia the 
lateral lobes show a marked increase in si^^, which is 
obvious in the Hire (fig. 76), and^still^ more so in 
Beaver (fig. 7i; where these parts are distinctly 
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than the median lobe. In Solipedes, Ruminants, and 
Carnivores, the lateral lobes also begin to surpass the 
median in size. This increase is very notable among the 
latter in the Cat (fig. 79), and also in the Dog (fig. 80) ; 
but it is still more marked in many Cetacea, such as the 
Dolphin (fig. 74), and the Porpoise (fig. 77). 

Fig. 75. Fio. 76. 




Fir,. 7.7.— Brain of tho Hor.so, upper .a-spcct. (Owen.) 

Fio. 76. - -Brain of the Hare, upper anpect. (Spurzhcini.) n, Olfactory lobes , 
^.'crebral Hciriisphercs ; tZ, Cerebellum : r. Medulla. 

In some Sol^edes and Carnivores, the Cerebellum, 
instead of consisting of broad and comparatively smooth 
lateral lobes, together with » narrower and much divided 
median potion (fig. 77), is, as Marshall says,* “ very 
uneven upon its aprface, apparently consisting of a 
* “ C/utliiiS of Physiology,” vol. i. p. 414. 
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cluster of many irregular and deeply foliated lobules.” 
This kind of conformation is represented in fig. 75. In 
the marvellously active Bat, the Cerebellum is very large 
in proportion to the size of the Cerebral Lobes — though 
in this animal it seems to bo the median portion which 
becomes so highly developed (fig. 78). 

Between the under surface of the median lobe of the 

. Cerebellum 



Fig. 77.-~Brain of tho Porx)oi.‘ie, with the upper half of the 


and tho back 

la, there is a 
small lozenge- 
shaped space, 
known as the 
‘ fourth ven- 
tricle,’ formed 
by tho diver- 
gence of what 
were the pos- 
terior columns 
of the Spinal 
Cord, and the 


left llemiHphcro cut away so as to show the contents of the 
I jateral Ventricle. (Solly.) 1, Outer wall of Ventricle ; 2, Corpus 
Striatum ; 3, Fornix ; 4, r>, anterior and po.sterlor segments 
of quadrigeminal bodies ; C, corpus callosum ; i. Cerebellum ; 
8, Spinal Cord ; 9, rincal body. 


consequent 
opening up 
of its central 
canal. The 


lower extremity of this space may bo seen in figs. 79, 80. 


The size of tho Optic Lol^s^ in proportion to the rest 
of the Brain, is very much less in QuadAtpeds ttian it is 


in Birds, and this ratio goes on diminishing as we pass 
from lower to higher representatives of the former class. 
These bodies have a greater proportional size i^Marsupials 
and Eodents, for instance, than in Ruminants and Carni- 
vores. The cavities to be found in tn^ir iliterior in Birds 
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and lower Vertebrates have almost ceased to exist. Tho 
transverse depression which divides the two bodies into 
four corpora quadrigemina ’), though present in all Quad- 
rupeds, divides them variously. Thus in nearly all the 
lower classes, as well as in most Kumi- 
nants and Solipedes, the anterior segments 
are larger than the posterior (fig. 81) ; 
while in Carnivora and in some of tho 
Cetacea, such as the Porpoise (fig. 77), the 
posterior segments are usually the larger. (Soiiy.) a, olfactory 
In many Quadrupeds, however, the anterior 'ii^\»phere?E,’c^ 
and the posterior segments are nearly equal rcbeiium ; n, spinal 
in size. The degree of development of the 
posterior segments seems to bo often in accordance with 
that of the Cerebellum with which they are in close 
structural connection. 

Fig. 79. 


Fig. 79.--Ccrebelhim of the Cat, upper and po.stcrior asi)c‘c;t. (Fcrrier.) 

Flo. 80.— Cerebellum of tho Dog, upper and posterior aspect. (Ferricr.) 

The (Jerebrdf Hemispl^res, narrowed in front, are 
more or less elongatjj^ and ovoid in form — except in Seals, 
Porpoises and Dolphins (figs. 77, 101), in which the 
transverse ^ameter of these segments may even exceed 
the longitudinal, "^ey are relatively small in the lower 
orders of Quadlup^s, as may be seen from the figure 
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of the brain of the Kangaroo (fig. 68), together with 
those of the Hare and the Squirrel (figs. 76, 82). In 
these animals they leave the ^olfactory lobes’ more or 
less uncovered in front, and sometimes the ‘ corpora 
quadrigemina ’ in the same condition behind. But in 
Euminants, Solipedes and Carnivores (figs. 94, 72, 87) the 
Cerebral Lobes increase in size, so as not only to cover 
the before-named bodies in front and 
behind, but also in part to overlap the 
Cerebellum. 

Ill the Seal, the Porpoise and the 
Dolphin (figs. 77, 101), the Cerebral 
Hemispheres undergo a still more 
marked increase in size. In these ani- 
mals, also, as well as in Quadrumana 
and Man, we no longer find a distinct 
^pyriform process/ recognizable as a 
part of gach ‘ temporal lobe ’ at its 
Fro. 81.- Urain of the under and iiiiicr surfacc — such as exists 

Squirrel, Hemi.sphere.si sepa- r e 

rated so as to expose the m tlio majority 01 tuo lowoi’ torms ot 



basal ganglia. (Solly.) (Jujidpuncds. 
r;. Cerebral hemisphere ; k, ^ ^ 

Cerebellum ; M, Corpus stria- TllGSG bodioS, wllicll luiVe alsO beCll 


turn ; K, Thalamus ; c, 
Corpora quadrigemina. 


named ‘ hippocampal lobes,’ are merely 
the lowest Y>ortions of the Temporal 


Lobes more or less separated from the remainder by a 


superficial depression. The continuity existing between 
the Olfactory Peduncles and these parts of the brain is 
particularly well marked the lied |Coaiimondi, the 
Agouti, the Porcupine and the Water Ratj as may be seen 
from the figures given by Tiedemt^Jn. This connection 
is also indicated by onr figs. 69, 73, 82, 93 and 94. 

These ‘pyriform processes’ are hollowcdfe‘by spurs of 
the lateral ventricl is. In the aniimls in which they are 
well marked, the Olfactory Peduncles "an^ Lobes are like- 
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wise well developed hollow structures, as they are in many 
Eeptiles. The size of the ‘ pyriform processes ’ in Quad- 
rupeds is, in fact, generally in direct relation with that 
of the Olfactory Lobes, and these arc especially well 
developed in Kodents, Ruminants, and certain Carnivores, 
while they arc ab- 
sent altogether in 
some of the Ce- 
tacea (fig. 74). 

The more mi- 
nute description 
of the external 
surface of the 

Cerebral Hemi- Fig. 82 . -Head and brain of a Squirrel, side view. (Solly.) 

T .A, Olfactory lobe; h, Cerebral hemisphere ; e, Cerebellum ; 

spheres, compris- h, spinai cord. 
ing some account 

of their Missures,’ Mobes,’ and ^convolutions,’ may for 
the moment bo deferred, till we have first given some 
attention to the Ventricles, Commissures, and other inter- 
nal parts of the Brain. 

Internal Topography of the Brain in Quadrupeds 
and some other Mammals. 

i 

Each /Cerebral Lobe or Hemisphere contains a Lateral 
Ventricle, the size and shape of wliich is very variable — 
these being in great part dependent upon the general 
form of the Hemispheres, |pd upon the relative size and 
shape of *the ganglionic prominences which the Ventricles 
contain. As alread;^mentionod, in Quadrupeds possessing 
very large Olfactory Lobes, prolongations of the Lateral 
Ventricles (petend into them through their ^ peduncles,’ 
from those spurs wli^h stretch downwards into the corre- 
spondingly developdS ‘ pyriform processes.’ 
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At the anterior part of the floor of each Lateral Ven- 
tricle, is the rounded prominence known as the Corpus 
Striatum. These bodies vary much in size in animals of 
different orders. They are small in Marsupials, and are 
in them partly overlapped by another well- developed pro- 
jection known as the Hippocampus Major — a body 
corresponding with, and produced by, a deep depression 


Fig. 83. 


Fig. 84. 


Fk;. sa 





Fio. 83. —Brain of a Chelonian. Fio. 84.— Brain of a Fatal Calf. Fig. So. Brain of 

a (.'at. 

These three figures, from (jcgenhauer, illiist^’ate the comparative development of 
tlie Cerohral Hemispheres and related parts. In l^iga. 83, 84, the roof of the Lateral 
Ventricle is removed on the left, and the Fornix and Hippocampus also on the right. 
In Fig. 85 the whfde lateral and posterior portions of the right Hemisphere are 
removed, and as much on the left as is necessary to display the upward biaid of 
the Hippocampus. In all the figures I marks the Cerebral Hemisphere: II. the 
Thalamus ; III, the Corjiora Quadrigemin^ IV, The Cerebellum ; V, the Medulla, 
o /, Olfactory lobe (shown in I'ig. 83 as co^«unicating wit^^ho Lateral Ventricle) ; 
X t, Corpus Striatum ; /, Fomix ; A, Hippocampus ; m r, fourth ventricle ; <7, geniculate 
body. ^ 

or fissure on the inner surface of the Hemisphere — tho 
* fissure of the Hippocampus/ In Hares afto the Cor- 
pora Striata are ’ mall, while the Hfopocampi are large. 
The latter bodies are remarkable for their great size iB 
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the Beaver. The Corpora Striata are said, by Stannius, 
to be large in Bats, in many Rodents, *and also in the 
Edentata. 

Contiguous and posterior to each Corpus Striatum is 
another rounded eminence, sometimes called the ‘ Optic 
Thalamus,’ but which it will be far better simply to 
term the Thalamus. These bodies have previously been 



Fid. S().-~Th(5 Bniiii of the Dolphin, with the upper part of the Hemispheres cutoff 
— above tlie level of the Veiitrielo on the left, and so as to show this cavity on the 
right side. (Owen, after Tiedemann.) h, Corims callosum; c, i:, bottom of surface 
fissures or ‘sulc.i;’ d, k. Corpus {Striatum; h, Hippocampus, with its unusually 
broad free border or ‘ toenia ' (i) contiRued into the Fornix ; Thalamus. 

f 

referred to in Reptiles and Birds, where they first show 
themselves as projections developing from the upper and 
inner aspects of the Ccrebr^ Peduncles : in Quadrupeds, 
however, owing w the backward extension of the Cerebral 
Hemispheres, they ,^em to become included within these 
and to project into the inner part of the floor of each 
Lateral Ve:||^'icle. But in reality they lie outside these 
parts. They are ov^lapped by the * velum interpositum,’ 
a membrane coAstitliting the roof of the Third Ventricle, 
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and also by the ‘fornix’ and ‘lyra,’ the description of 
which will shortly follow.* 

Between the contiguous inner surfaces of the Thalami 



Fig. 87.-“Tho Cerebrjil Hemispheres of the Dog, separdted, after division of the 
Corpus Callosum, so as to expose the Ventricles and Basal Ganglia. (Fcrrier.) 
1, Internal surface of left Hemisi^hcre ; 2, Corpus Striatum ; 3, Thalamus ; 4, 5, 
corpora quadrigemina ; 6, anterior pillar of the fornix, divided on the left, undivided 
on the right side (12) ; 7, the third ventricle, exiwscd by drawing the thalami 
asunder ; 8, the upper surface of the Cerebellum ; 9, olfactory lobe «r bulb ; lo, 
anterior commissure; 11, corpus callosum, ^^vided; 13, middle commissure, ex- 
tending across the third ventricle ; 14, idncal bt>dy, lying over and concealing the 
posterior commissure ; 15, descending cornu of the lateral ventricle. 


there is a narrow space known as the Third Ventricle 
(figs. 72, p; 87, 7). It is equated below the level of the 
Lateral Ventricles, though ^ach of thfoe opefis into it 

* By reference to fig. 87, it will be sl^^n that the fornix (12) 
constitutes the inner and posterior boundary of the Cerebral 
Hemisphere, and that the Thalamus (3) lies quite ggatside it and 
its Ventricle — though the inspection of a horizonral section of 
the hemisphere, as i . fig. 86, might give to entirely opposite 
impression. ^ 
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anteriorly through the ‘ foramen of Monro.* Behind, it 
is continuous by means of a passage beneath the Corpora 
Quadrigemina (fig. 72, t q) with the Fourth Ventricle. The 
Third Ventricle is likewise continuous below with the 
‘ infundibulum ’ of the Pituitary Body. At its posterior 
and upper boundary is the peculiar pyriform structure 
known as the Pineal Body, which is attached by two long 
peduncles to the upper and inner borders of the Thalami 
(tig. 72). This body itself lies against and just in front 
of the Corpora Quadrigemina; it is, in proportion to 
other parts, decidedly smaller than the corresponding 
structures in Keptiles or Birds. It is extremely small in 
the Babbit and some other Kodents. 

The distinct Commissures seen in or in connection with 
tlie Lateral and I'kird Ventricles are five in number. Of 
these, three are to be found also (though in a very 
rudimentary condition) in spme of the lower Vertebrates, 
while the two others appear for the first time in Quadru- 
peds. 

The Anterior Commissure is a band of fibres of vari- 
able thickness, which stretches across the anterior and 
upper boundary of the Third Ventricle (fig. 87, 10), and 
penetrates deeply through each Corpus Striatum to certain 
surface Regions of the Cerebral Hemispheres. It is larger 
in Marsupials and Monotremes than in any other Mam- 
mals, and in higher representatives of the class it is 
usually thickest ij^ those anii^ls which 1 tave well-developed 
Olfactory^Lobes, since it seems to be a commissure serving 
principally to bring v'j^e two cerebral centres of the sense 
of Smell into relation with one another. In part it con- 
nects the O^ctory Peduncles with one another, and in part 
It serves to bring int^ relation those regions of the brain in 
oach hemisphere in^nd about the Hippocampi, to which 
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the majority of the root fibres of such tracts proceed. It 
is a structure, therefore, much larger in the greater num- 
ber of Quadruj^eds than it is in Man. In some of the 
Cetacea the ‘ anterior commissure * is so small as to be 
almost non-existent. 

The Middle Commissure is a short and rather thick 
bridge of soft ganglionic matter, which passes across the 
middle of the Third Ventricle* (figs. 87, 13 ; 72, co) from 
one thalamus to the other, and therefore serves to connect 
these two great ganglia. 

The Posterior Commissure is small, and composed of 
white fibres. It passes immediately in front of the base 
of the Pineal body, and its fibres are prolonged, on each 
side, into the substance of the posterior part of the Tha- 
lamus. 

We come now to the commissures met with only in the 
brain of Mammals, 

The Fornix is a double coipmissure, each half of which 
suffices to connect two regions of the same Hemisphere 
with one another — viz., the Hippocampal region with the 
inner of the corresponding Thalamus. The two 

halves of this structure come into contact only during a 
small part of their course — about the middle of it — but 
they are also brought into somersort of relation posterior 
to this point by means of a stratum of cross fibres, the 
nature and connections of which are described below. 

Along the inner side of the Hippocampus, as it projects 
into the descending prolongation of the ^ateral Ventricle, 
a ridge or band of white fibres (‘ tenia hippocampi ’) may be 
traced upwards on each side (fig. 86, which soon becomes 
free as the ‘ posterior pillar’ of the Fornix, and bends for- 
wards and inwards over the Thalamus so to join its 
fellow on the oppo dtc side, as above stoted. Posterior to the 
point of contact of these ‘ pillars ’ witm one another, certain 
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transverse fibres (known as * psalterial fibres *) exist, which 
form a reflected jjart of the great transverse commissure or 
Corpus Callosum. This body is, in fact, bent upon itself 
behind, and it is the portion (thence prolonged forwards to 
the posterior pillars of the Fornix, somewhat triangular 
in shape) which, in higher Mammals, is commonly called 
the ‘ psalterium ’ or ‘ lyra.’ Beneath it is a membrane 
(‘ velum interpositum ’) lying on the surface of the 
Thalami (a great part of which it hides), and forming 
a kind of roof over the Third Ventricle. 

Opposite the anterior extremities of the Thalami, the 
two halves of the Fornix again separate so as to constitute 
its ‘ anterior pillars,’ which dip downwards just behind 
the Anterior Commissure, along the side of the third 
ventricle to its floor, where each, after twisting upon itself, 
so as, with its fellow, to cause a single white projection 
‘Corpus albicans’) near the centre of the base of the 
brain (fig. 74, p), again passes upwards and penetrates the 
inner side of the corresponding Thalamus. 

The Fornix exists in all Quadrupeds, and has a much 
larger relative size in some of the lower forms than in the 
Quadrumana or Man. It is, for instance, extremely well 
developed in the Beaver, the Babbit, and other Bodents. 

The Corpus Callosum was formerly believed not to 
exist in^the Monotremes and Marsupials; and, in fact, it 
is present in them only as a very rudimentary structure. 
In Insectivora it is larger ; while in some Bodents it has 
already attained a considerj^le development, as may be 
seen from* the brain of the Beaver (fig. 71), where it is 
thick and comparativ^y long from before backwards. In 
this animal it has also attained the more horizontal direc- 
tion comme^y met with in higher forms, though in some 
other Bodents it is a notably less developed structure — 
being short, thiif, aiu nearly vertical in direction. The 

T 
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figures show a more developed form of the Corpus Cal- 
losum in the Horse (fig. 72), in the Dolphin (fig. 85), and 
in the Dog (fig. 87). 

The Corpus Callosum stretches across from one Cere- 
bral Hemisphere to the other ; its fibres constitute the 
roof of each Lateral Ventricle, and thence diverge to many 
jiarts of the surface grey matter of each Hemisphere. 
Similar cortical areas on the* two sides are thus brouglit 
into functional relation with one another. It has, therefore, 
a wider land of office, though identical in nature to tliut 
performed by the Anterior Commissure. It is an error, 
liowever, to place these structures in the same category 
with the Fornix, as many of the older anatomists and 
even some modern writers have done — since this latter 
commissure serves to unite different regions of the same 
Hemisphere, rather than similar regions of the two 
Hemispheres with one another. 

The mode in which the Corpus Callosum and the Fornix 
are united posteriorly by the ^ psalterial fibres,' and the 
way in which the same two bodies recede from one another 
anteriorly, and thus contribute to the formation of the 
Fifth Ventricle, has been previously described {see also 
fig. 72). 

Any one wishing to obtain ifiore distinct notions as to 
the varying developments and relations of these several 
Commissures, should consult the admirable figures 
given by Flower,* illustrating the relative size and dis- 
tribution of these parts in fhe Sheep, Rabbit, ^Sloth, and 
Hedgehog, as compared with what obtains among certain 
Marsupials and Monotremes. \ 

* Philosox>h. Trans. 1865, PI. xxxvii. and ^|p^iii 
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External Topography of the Brain in Quadrupeds, 
and some other Mammals. 

The thickness of the layer of ganglionic Grey Matter 
on the surface of the brain undergoes a gradual increase 
among the Vertebrata. The layer is so thin in Fishes 
that the surface of the Cerebral Lobes appears almost 
white to the naked eye. In Mammals, however, we have, 
even in the lowest of them (and its thickness increases in 
higher forms) a continuous stratum of such matter cover- 
ing the whole of the Cerebral Hemispheres. Of course 
the more the surhicc of the hemisphere is folded and con- 
voluted, the greater is its proportional amount, since this 
Grey Matter covers all parts of the surface, whether it be 
folded inwards or outwards (fig. 85, c, c). 

In Fishes, Amphibia, Keptiles, and Birds, there are no 
regular ‘fissures,’ and, consequently, no division of the Cere- 
brum into ‘ lobes. ’ Each Cerebral Hemisphere has, indeed, 
in these lower forms been supposed by some, though on 
insufficient grounds, to correspond with the ‘ anterior lobe ’ 
of the brain of the Ape and Man. The ‘ middle lobes ’ 
are believed to make their appearance subsequently, as 
added parts, in the lowdi' Quadrupeds ; wdiile the ‘ pos- 
terior l#bes ’ are, similarly, deemed to make their first 
appearance among the lower Quadrumana. ]3ut, as Prof. 
Marshall very properly observes, “ the lobes may not be 
distinguishable,^nd yet hoiiiS|ologous parts of the cerebral 
hemispheres may be present, however slightly developed, 
throughout all tlie Vj|rtebrat(;s.” The appearance, indeed, 
of the brain of some of the Cetacea, such as the Porpoise 
and the Dojpiin, makes it rather more probable that it is the 
middle regions of thp brain which are specially developed 
in them, while* boln anterior and posterior lobes (and 

T 2 
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especially the latter) are in a comparatively rudimentary 
condition. 

Speaking generally, it may he said that in Quadrupeds 
the Brain tends gradually to become more and more con- 
voluted as we proceed from lower to higher orders. It 
must not be supposed, however, that anything like a 
serial development is to be detected — in the first place, 
because certain differences in ‘ plan of Convolution,’ seem to 
be traceable among them ; and secondly, because in all the 
orders (and therefore, even in cases where the same plan 
is observable), the degree of complicacy of the convolutions 
is very largely determined by the mere size of the animal. 
It has been found, for instance, as a general rule to which 
there arc only few exceptions, that in animals of the same 
group or order, the number and comi^lexity of the convolu- 
tions increase with the size of the animal. This may bo 
recognized, for instance, by a comparison of the brain of the 
Horse with that of the Elephant ; of those of the Sheep 
and Ox ; of the brain of the Cat with that of the Seal ; 
and also, as w'e shall find, of those of smaller and of 
larger Quadrumana. In the bile pliant, the largest though 
also the most sagacious of existing Quadrupeds, the com- 
plexity of cerebral convolutions is at its maximum. They 
are also exceedingly complex ^in the huge Cetacea, ami 
even in some of the smaller representatives of the same 
class. 

It has been previously shown that the %veight of the 
Brain as compared with thatflf the body^s less in difibrciit 
orders of animals, as the size of the representative of any 
such order increases ; yet now it appears that this smallci 
proportional size of the Brain in large animals is, to a 
certain extent, compensated by its greatex^roportioual 
extent of surface ganglionic matter — obtained through 
increased number and depth of Convolutions# 
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There cannot therefore be, among animals of the same 
order, any simple or definite relation between the degree 
of the Intelligence of the creature and the number or 
disposition of its Cerebral Convolutions — since this struc- 
tural feature of the Brain seems to bo most powerfully 
regulated by the mere bulk of the creature to which it 
belongs. But if, when taken alone, the degree of com- 
plicacy of the convolutions affords no safe guidance in 
regard to the degree of an animal’s Intelligence, when 
comparing different species of the same order (whoso 
convolutional ‘ pattern ’ is therefore the same), it will be 
found to fiiil even more, as a criterion for estimating the 
relative Intelligence of representatives of different natural 
orders — especially if these should happen to bo orders 
characterized by a different convolutional ^pattern.’ Thus, 
the brain of the Beaver is almost smooth, while that of 
the Sheep presents numerous convolutions which both in 
number and complexity decidedly surpass even those of 
the Bog. 

The more closely animals are related to one another, 
however, and the more they are of about the same size, 
the more should we be entitled to look for some propor- 
tional relations between the development of their Cerebral 
Convolutions and their Intelligence. The comparison of 
convolutional complexity is therefore of principal interest 
and value when we are concerned with species of the same 
or closely allied orders, or, even more, when we compare 
the Brains of individuals oL the same species, or of mere 
varieties,^ with cAq another.^ This kind of interest, there- 
fore, culminates in Ae comparison of the degrees of con- 
volutional complexity to be met with among the different 
races of Man. 

In takirff account of the mere size of the Brain in 
different animate, a^wcll as of degree of convolutional 



278 


THE BRAIN OF QUADRUPEDS AND 


development, in reference to the amount of Intelligence 
they are accustomed to display, several points have to 
be borne in mind, which are too apt to be overlooked. 
Size of Brain, and with it convolutional complexity, must, 
for instance, be closely related to the number and variety 
of an animal’s Sensorial Impressions — the raw material as 
it were of Intelligence ; but it must be also largely depen- 
dent upon the organism’s power of evoking simple Move- 
ments continuously or with great energy, as well as upon 
its power of performing very varied or intricate Movements. 
Herbert Spencer has called special attention to this latter 
point of view.* 

The importance of taking into account the powers of 
Movement possessed by the animal is fully borne out by the 
fact that the Brain attains such a remarkable size in the 
Shark, as well as in the Porpoise and the Dolphin — all of 
them creatures whose Movements are exceptionally rapid, 
continuous, and varied. The great increase in the size of 
the Cerebellum in each of these? creatures is, therefore, not 
so surprising; but it seems very puzzling, at first sight, to 
understand why this should be accompanied by a co-ordinate 
increase in the development of the Cerebral Hemispheres. 
For this, however, there are two causes, the one general 
and the other more special. It is a fact generally observed, 
that Sensorial Activity, and tCercforo Intelligent Dis- 
crimination, increases with an animal’s powers of Move- 
ment ; and secondly, there must be special parts of the 
Cerebral Hemispheres devote(Lto the mere Sensory Appre- 
ciation of Movements executed; The nerit elemeats lyiit^^^ 
at the basis of this latter appreciatio|L. however they may 
be distributed through the Hemisph(Jbs, would naturally 
be the more developed (and, consequently, aU the more 
calculated to help to swell the size of the Cew^brum), m 
* Priiiriples of Psychology,” fid. i.*p. 192. 
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proportion to the variety and continuance of the Move- 
ments which the animal is accustomed to execute. 


Arrangement of Convolutions. — In the lowest Quad- 
rupeds there are no Convolutions at all. This, for 
instance, is the case with Monotremes, and the lower 
Marsupials and Rodents. But in other higher forms 
Convolutions exist, and are arranged in accordance with 
two distinct types or patterns, which have been named 
respectively, the ^ oblique ’ and the ‘ longitudinal.’ The 
following brief references to these two patterns are con- 
densed from Owen’s account of tliem.^* It is not intended 
to give anything like a full description here, but merely 
to indicate some of their most striking peculiarities. 

The ‘ oblique pattern ’ is met with among the hoofed 
Quadrupeds, viz., Ruminants, Solipedes, and Pachyderms. 
The ‘ longitudinal pattern ’ pertains to other Mammals, 
comprised principally within the orders Carnivora and 
Cetacea. * 

A third or ‘ transverse pattern * is common to the 
Quadrumana and Man, as will be shown in subsequent 
chapters, and on this wo shall find it worth while to bestow 
a much larger amount of attention. 

Notwithstanding the very numerous differences in detail, 
certain primary ‘ fissures ’*seem to be common to the three 
types. *‘One of the most constant of these is the ‘ fissure 
of Sylvius ’ on the outer surface of the Hemispheres ; 
'vvhile, another, also very constant, is the ‘ fissure of the 
Hippocai:9pus.’ /The latter,\lfcituated on the inner aspect 
of the hemispheres, has already been alluded to as cor- 
responding with t'-!^ body of the same name which 
projects, in each hemisphere, into a descending pro- 
longation c^he Ijateral Ventricle. 

* “ Ainat(^y of the Yert brates,” vol. iii. 
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The * Oblique Pattern .' — The simple form of this typo of 
convolutional arrangement may be well seen in the small 

Fig. 88, Fio. 89. Fio. 90. 



Fig. 8$.— Brain of the Rock Coney {Uyrax). 

Fig. 89. — Left Cerebral Hemisphere of the Horse. 

Fig. 90. — Ijcft Cerebral Uemisphere of the Rhinoceros. 


Rock Coney (figs. 88, 93). More complete forms are to 


Fio. 91. Fio. 02. 



Fio. 91.— -Left Cerebral Hemisphere Fig. 92.— Left CerApl Hemisphere 

of the Stag of the GSnffe. 

be seen in the Horse (fig. 89) and thS^hflioceros (fig- 9®)- 
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In the latter the hinder parts of the Hemispheres are 
notably expanded, and the anterior lobes are larger in 
all their dimensions. In this convolutional plan, as the 
figures borrowed from Owen’s ‘Anatomy of the Verte- 
brates ’ show, the primary convolutions of the two halves 
of tho Cerebrum converge from behind forwards, as far 
as the anterior third of the Cerebral Hemispheres — and 
thence diverge in different -directions,* 



Fio. 93. — Brain of tho Rock Coney, Fig. 04.--lhain of the Giraffe, 

aide view. side view. 


Starting from another snfall form, the Pigmy Clievrotain 
(Tragulus), wc may find a similar convolutional develop- 
ment attaining to higher types of tho same general pattern 
in the Stag (fig. 91), the Sheep, the Ox, the Giraffe 
(figs. 92, 94), tho Camel, the Hippopotamus and the 
Elephant (fig. 96). The greater convolutional complexity 
of tho brain in these larger forms is represented in detail, 
as Owen has pointed out, by the fuller development of the 
‘ primary fissures,’ by their more sinuous course, and by 

* Tho letters aTijj^ numerals ii^be several figures are always the 
same for corresponding Convolutions and Fissures, and this will 
materially assist tlie Aader in his comparison of the different 
forms. The explauaticms of these references are given by Owen 
(loc. cit., vol. iii. pp. 136, 137), where the Fissures and Convolutions 
of MammaliiiPare enumerated mainly in their order of constancy. 
Many outline figures the Cerebral Convolutions of other ani- 
mals will likewise be femnd in this work. 
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the development from them of numerous offshoots in the 
form of * secondary fissures.’ 

The ‘ Longitudinal Pattern.'' This mode of arrange- 
ment of some of the principal convolutions is well seen in 
many of the Carnivora when the brain is looked at from 
above, as in the Cat (fig. 96). When viewed from the 
side the surface of the hemisphere may be seen, as 
Marshall says, to be divided ‘‘into four principal antero- 
posterior convolutions, which seem to bend in simple 

curves around the up- 
per end of the Sylvian 
fissure, one above the 
other, and pass con- 
tinuously from the 
anterior or frontal, in- 
to the middle or pa* 
rieto-temporal lobe.” 
This is well shown ia 
figs. 98-100. 

In the larger Feline 

Fio. 95.— Right Cerebral Ilomisphcre of the Elo- 
phunt, side view, much reduced. ailimaiS inOSL 01 HR 

primary fissures pre- 
sent short secondary branches. In the F ox and in the Dog 
the fissures are more numerous #?till.* The Cerebrum is 
also larger and narrower anteriorly, though in the Bear it 
is again found to be more oblong. In the Seal this part of 
the Brain attains the greatest relative size and complexity 
known in the present groijg.f The Hemispheres are 
unusually broad, and richly convoluted ; efut a comparison 
of the relative depth of the fissures fables the primary 

* This is more obvious in the Dog than in the Fo^owing to the 
greater number, length, and depth of its secondary nwures. 

f Excellent figures df the brain of the fteal are given by Tiede- 
manti in his * leones Cerebri Simiarum.’ Tab. 2* figs. 7$ 8. 
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to be distinguished from those of the secondary order. 
The mass of the Hemispheres behind the ^ fissure of 
Sylvius ’ is relatively greater than in other Carnivora, and a 
larger proportion of the Cerebellum is also covered thereby. 
The general parallel arrangement of the convolutions 




Fio. 90. -nraiu of tho Cat. 
(Ticdciiuvnn.) 


Fio. 97.— Brain of the Dog. 
(Tiedemann.) 


in the Carnivora is, as Owea points out, even more marked 
in tho Cetacea. This .may be seen in tho Porpoise 
(lig. 77), and, though less distinctly, in the Dolphin 
(fig. 101). The breadth of the Cerebral Hemispheres is 
most striking in both these creatures — but especially in 



the Dolphin. The convolutions in tho latter are also 
exceedingl;*omplex, so that in this respect its brain stands 
at present^ the head of tho well-known representatives of 
the ‘longitudinal jfettern,’ just as that of the Elephant 
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(fig. 95) does at the head of the representatives of the 
* oblique pattern ’ met with among Herbivora. 

It is somewhat puzzling that such a position should be 
taken by the brain of a creature possessing no greater 
dimensions than the Dolphin. But we need more infor- 
mation as to the exact characters of the brain in the 
larger Cetacea, in which, according to the rule previously 
specified, the complicacy of ooiivolutions ought to bo 
extremely well marked — though their diminished powers 



Fro. 101.— Brain of the Dolphin, upper aspect. (Owen, after Tiedcmann.) 

and diminished customary rate of Movement would affonl 
a set-off in the contrary direction. While one of the 
great Whales is leisurely moving along at the rate of 
five miles an hour, a Dolphin may and often does easily 
cover twenty miles in the samf time, and^s superiority in 
regard to variety of Movements would probably be equally 
well marked.^ \ 

* Since this Chapter has been in the printer’s ha^s, a descrip- 
tion with figures of the Brain of the White Whal^^eluga) 1 
been published in thj Journal of Anatonik. and Physiologyt 

1879, by Dr. Major. ^ * 
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According to Owen, the convolutions of the lateral 
aspect of the Hemispheres, around and above the * fissure 
of Sylvius,* are more undulating or interrupted — and 
therefore less neatly defined — in the larger Herbivora than 
among the larger Carnivora and Cetacea. This lack of 
definition is, however, carried to an extreme degree in the 
most richly convoluted brains of both types. 



CHAPTER XVII. 


THE BRAIN OP QUADRUMANA. 

The Brains of Lemurs, Monkeys, Baboons and Apes, 
present many common characters, which testify to the 
close relationship of these several forms with one another. 
A sort of gradation, though not that of a single series, is to 
be met with. Beginning in the Lemurs, with a brain 
whose structure is only little removed from that of 
Rodents, we may pass by means of most distinct transi- 
tion forms to the more highly evolved Cerebral Hemi- 
spheres of the great ‘ man-like ’ Apes — the Chimpanzee, 
the Gorilla, and the Orang-utan. 

A certain community of structure is perceptible 
throughout the whole scries. Tlio brain of every Quad- 
rumanous animal is distinguished from that of Quad- 
rupeds by certain well-defined characters. Structures 
previously existing no longer manifest themselves ; while, 
on the other hand, new parts become differentiated from 
the old, so as to present themselves as more or less in- 
dependent structures. 

The structures existing i|| many Qin^rupcds, but not 
met with in Quadrumana, are these : — ^ * 

1. Prolongations from Lateral VentriclUJ into Olfactory Lobes. 

2. Distinct ‘ pyriform processes ’ (t r * hippocampal lobes ’) on the 

under surface of the Temporal Lobes. A' 

3. The so-called - trapezoid bodies' of the Medul® Oblongatr 

* Some traces of these structures still cxie^in the Howler Monkt y. 
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The additional characters or newly-differentiated parts 
met with among Quadrumana, but absent in lower brutes, 
may be thus enumerated : — 

(1.) The differentiation of a distinct Posterior (or 
* Occipital ’) Lobe in each of the Cerebral Hemispheres, 
containing in its interior a ‘posterior horn ’ or ‘cornu * of 
the Lateral Ventricle, which is marked by a more or less 


distinct projection (‘ Hip- 
pocampus Minor ’) corre- 
sponding with a fissure on 
the inner surface of this 
lobe.^ The development of 
this Posterior Lobe causes 
the Cerebral Hemispheres 
to extend so far backwards 



as to cover the greater part Fjo.102.~T1)o Brain of the Urown Macaque 
^ ^ (Macaais uaneMrima). side view. F, Frontal 

or the whole of the Cere- Lo1>o; P, Parictal Lobe; O, occipital Loho; 

1 n Cerebelhim. f, j\ Greatly prolonged Fis- 

UtllUm. Sylvius. 

(2.) The appearance of 

certain ‘ primary ’ Cerebral Fissures, similarly disposed in 
all Quadrumana, and the gradual development of other 
‘ secondary ’ and ‘ tertiary ’ Fissures — the whole series of 
depressions serving to divide the surfaces of the Hemi- 
spheres into Lobes and Convolutions according to a new 


but coristant and definite pattern. This differs notably from 
the two principal convolutional patterns of Quadrupeds, 
though it agrees in all essential respects with what we 
sliall fiiyi — thc^gh in a l^oro developed form — in the 
Human Brain. 

(3.) The existen'lfe of a Central Lobe, corresponding 
with the part known in Man as the ‘ Island of ReiL’ 

(4.) Anther additional character is of less importance. 


* The Seal is Jbhe^ly Quadruped in which a ‘ posterior cornu* 
is known to exist, as a prolongation from each Lateral Ventricle. 
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and does not pertain to the brain in all Quadrumana ; it 
exists only in some of the higher Monkeys and Apes. 
It consists in the replacement of a single protuberance 
(the * mammary ’) existing at the base of the brain in 
Quadrupeds by two smaller projections (' Corpora mamil- 
laria ’ or ‘ albicantia ’), side by side in the same situation, 
each of which is produced by a bend of one of the ‘ an- 
terior pillars * of the Fornix (p: 273). 

(5.) A fifth character may also hero be mentioned; 
though this is likewise not common to the whole class. 
Speaking of the Olfactory Lobes, Prof. Flower says : — 

In the large majority of mammals, the base of these lobes 
extends backwards to the under surface of the temporal 
lobe, obliterating the lower part of the fissure of Sylvius, 
whereas in the true Apes and in Man, their connexion 
with the Cerebral Hemisphere is chiefly with the anterior 
lobes and the bottom of the fissure itself.*’ 

The convolutional arrangement we have now to con- 
sider is known as the ^Transverse Pattern.’ No dis- 
tinct transition forms are known between it and either of 
the other two patterns, though Flower t seems inclined 
to think that this may hereafter be found in Bats of larger 
size than have hitherto been lexamined. In common 
Bats the Cerebrum is very short and the Sylvian Fissure 
almost non-existent. Among them, in fact, no species exists 
of sufficient size to possess sulci on its surface. But this, 
as Flower remarks, is not soj^cry surpri^ng “when such 
markings are almost absent in the brain m a tru& Primate 
of even larger size (Hapalo).” For, l^i regard to convolu- 
tional development, the same primary rule holds good 
among Quadrumana as with Quadrupeds, viz.,^hat, taking 

* “ Tran? . of Zoolog. Soc. 1866,’*i^ol. v. p. 108. 

t lioc. cit., p. 109. ' ^ 
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representatives of the same genus or family, small forms 
commonly have comparatively smooth brains; while 
larger animals present, in proportion to their size, more 
and more richly convoluted Cerebral Hemispheres. 

In some of the Lemurs the Cerebral Hemispheres are 
so small as not to cover more than one-half of the Cere- 
bellum. There is, indeed, a kind of gap between the 
lower and the lowest Simians— that is between the old 


1^0. 104. Fio. 105. Pio. 107, 



Fio. 108. Fio. lOa. Fia. 100. 

Fio 103, — Rrain of an Aye-aye, one of the Lemurs. 

Fig. 104. — Brain of the Marmoset {Midn»). 

Fio, 105. — Brain of the Sqnirrel-Moukcy {Callithrix). 

Fig, 106. — Brain of a Macaque. 

Fio. 107. — Brain of 

Fig 108. — Brain of a 5tli month Hunian Fmtus. (Owen.) 

and new world Apes and Monkeys, and the Lemurs. 
‘‘ Every Lemur which has yet been examined,*’ says Prof. 
Huxley,^ has its cerel^lum partially visible from 
above, anfl its pj^fterior lobe, with the contained posterior 
cornu and hippoca>Jpus minor, more or less rudimen- 
tary. Every Marmoset,, American monkey, old world 
monkey, Bjioon, or Man-like ape, on the contrary, has 
its cerebelMm entii^ly hidden, posteriorly, by the cere- 
* ** MtJn’s Place in Nature,” p. 96. 

U 
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bral lobes, and possesses a large posterior cornu with 
a well-developed hippocampus minor.” 

In the smallest Lemurs, the Hemispheres are quite 
smooth,, or, at most, show traces of one primary fissure — the 

* Sylvian * (fig. 103, 5). 
Even the larger Lemurs 
possess only a few pri- 
mary fissures. 

In the diminutive but 

P 

active Marmoset (fig. 
104), the Cerebral Hemi- 
spheres are relatively 
larger, so that they com- 
pletely cover and even 
slightly overlap the pos- 
terior border of the Cere- 
bellum. They are, how- 
ever, quite smooth and 

Fm. 109.-nr«ln of the Tfowlor Monkey («,- 
cetes), seen fnmi above. (Duncan.) L, Longitu- tionS. Only OUC fisSUl’C 
dinal Fissure ; F, Fissure of Sylvius. • t n i • » 

is seen — the ‘ Sylvian — 
forming the boundary line between parts which will subse- 
quently be spoken of as the Parietal and the Temporal 
Lobes.* In the Squirrel Monkey, another small allied 
form also notable for its extremely active habits, a fissure 
below and behind the Sylvian is added — known as the 
‘ parallel fissure ’ (fig. 105, 9), This runs along the centre 
of the Temporal Lobe, and Ijckwards towards the upper 
and inner edge of the Hemisphere. Both these fissures 
are less vertical and slope backwards^uore than the corre- 

* The names ot these lobes of the Brain are derive^ from those 
of the bones of the sknll against which they lie. d^e two lobes 
above named toge ner constitute what v»s formerly principally 
spoken of as the ‘ Middle Lobe.’ \ * 
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sponding fissures in any Lemur (fig. 103) in which they 
are present. 

The Howler, like the Marmoset and the Squirrel 
Monkey, is a New World form. The former, in fact, 
is the largest of the 

series, and is usually , 

supposed to belong 
to the highest group ^ 
of these American 
Monkeys. Its brain, 
however, is very ^ ' 

poorly developed (fig, ! 

109), and, consider- 
ing its size, possesses y 
very few surface 
markings. It is re- 
markable chiefly for 
the very small size of , ^ 

the Occipital, and the Fro. no. — Urain of the Mang-abey {Cercopithccus 
11 1 1 . n ftfhiopit). upper aspect. (Voi/t. ) F, Frontal; P, Parie- 

lull development of occipital Lobes. L, Great Longitudinal 

the Temporal Lobes. Fls-suro R, Fwaviroof Rolando ; V, External Perpt'ti- 
... ^ . . dicnlar Fissure ; K, Operculum, A, A, .Vsceiiding 

in connection with Frontal ; tt*, a^, a^, First, Second, and Third Tiers of 

the very small Occi- 

First and Second Tiers of P.-inctal ConvolutiouK. 
pital Lobes, Flower * <<*, rf 2 ,%Fifst and second Tiers of Occipital Convolu- 

has noted an almost ^Xhis simple nomenclature for the Convolutions is 
complete absence of Wagner. excepting that A, and B, are 

, , named by him Anterior and Posterior Central Con- 

tlie JiiXternal and In- volutions. Though it is a’ terminology which is by 
ternal Perpendicular ”” nieaiwjvlthout merit, it has not been commonly 

•ri. dlF adopted.^ 

Fissures. The brain 

^f the Howler Monl^ is also remarkable for the extreme 
backward extension of the Sylvian Fissures (f, f), each of 
which almq|t reaches the upper and inner border of its 



winch almmii reaches the 
corresponding hemisphere. 

* “ Proceed, of ^ oolog. 


* “Proceed, of^oolog. Soc ” 1864, p. 335, PI. xxix. 

TJ 2 


292 


THE BRAIN OF QUADRUMANA. 


In the Capuchins, among the new world Monkeys, as well 
as in the old world * Dog-like ’ forms, viz., the Baboons, 
Macaques, and Monkeys proper, together with the Gib- 
bons (which are usually regarded as the lowest of the ‘ Man- 
like’ Apes), the Fissures and Convolutions become more 
numerous, whilst the Cerebral Hemispheres are larger, so 
that they now uniformly cover the whole of the Cerebellum. 
A good notion of the mode of distribution of the Fissures 
on the outer surface of the Hemispheres may bo gathered 
from the outline diagrammatic sketches of these parts in 

the Macaque and 
the Gibbon (figs. 
lOG, 107) ; especi- 
ally if they are com- 
pared with corre- 
^ spending sketches 
of the much sim- 
pier l)rains of the 
Marmoset and the 
Squirrel Monkey 
(figs. 104, 105). 

In the brain of 
the Mangabey 

Fio. 111.— Braliiof Mangaljcy, side view. (Vogt.) Some ^ 111 1 

of tbe refercDce.s are the same us for fig. 110. ». Sylvian 

Fissure. T, Temporal Lobe. c\ c\ First, Second, and alsO in that 

Tliird Tiers of TemTwral Convolutions. „ , - 

of the Wanderoo 

(figs. 112, 113), which is very similar, the principal primary 
fissures of the Cerebral Heifispheres, a|^d therefore the 
included portions or Lobes, are quite distinct. Thus R, 
represents the ^ fissure of Eolando * ^Vhich separates tbe 
Frontal from the Parietal Lobe ; s, is the ‘ fissure of Sylvius,* 
constituting the upper boundary of the Tem||!*)ral Lobe, 
and separating il from the Parietal ’ ».v, is the^ vertical or 
* perpendicular fissure * which is ob^us *on the inner as 
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well as the outer surface of the hemisphere, and serves 
to mark off the Occipital Lobe. Another well-marked 
sulcus, known as 

the ‘ parallel fis- ^ 


sure,’ runs along 
the outer face of the 
Temporal Lobe. 

Kudimentary 
Convolutions show 
themselves on the 
Frontal Lobe, 
which is bounded 
posteriorly by a 
well - marked ‘ as- 
cending convolu- 
tion’ (a, a). An- 



other convolution, 


O 


equally distinct (n, 
n), forms the an- 


Pio. 112.— Brain of the Wanderoo (JVfa<!acw« silenus), 
iiupcr asix5^t. (Vogt.) Keferencea :vs iii fig. 110. 


terior boundary of the Parietal Lobe, The Occipital Lobe, 


though large, is 
still almost free 
from any trace of 
convolutions, and F 
its anterior border ^ 
(k) is quite distinct, 

This anterior bor- H 
der — or J Opc^- ^ 
lurn,’ as it has been 
termed — has been 
cut away in fig. 


A K ^ 


113, so aq^O show Pio. ns.— Brain of the Wanderoo, side view. (Vogt.) 
a small convolution 

“iarked (x), known^s one of tbe ‘ bridging convolutions.’ 
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These latter folds become further developed in the Orang, 
and still more so in Man. 

In the Baboon, the Convolutions, as may be seen from 
fig. 114, are pretty distinctly defined on the Frontal and 
Parietal Lobes, and they are also more distinct on the 
Occipital than they have been in either of the forms 
previously mentioned. The Frontal Lobes, too, are fuller 
and less pointed than they are in lower terms of the series. 


We may now pass to a brief consideration of the Brain 

in the highest representa- 
tives of the Quadrumana at 
jiresent existing, viz., the 
three great ‘ maii-likc ’ 
Apes — the Chimpanzee, the 
Gorilla, and the Orang. 

No differences in the 
}. brain characters of these 
animals have been found 
sufficiently marked in 
amount or in nature to 
enable us to say that one 
of them is very unmistak- 
aibly higher than the others. 

Fk;. 114.~ liruin of the Baboon {Cynoce- i -i 

phalus papio), upper aspect. (Vrolik, after Some distinguished ana- 

air*"* “ 

to its convolutional development. F, Frontal think that the brain (haV- 
Lobe , 0, Occipital Lobe. f)ing rcgar^o the ^um total 

of its characters) of the Chimpanzee is the simplest, and 
that of the Orang the most highly de^toped. OtWs, how- 
ever, give the first place to that of the Gorilla. 

The brain of a Chimpanzee was carefully d4|!bribed and 
figured in 1861 by Prof. Marshall,* ^he animal was not 
* “Nat. Hist. Review,” voL i. p. 296. 
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an adult. It was both young and small ; its height being 
2 ft. 4 in., its weight 16^ lbs., whilst the weight of its 
brain was 14 ozs. The proportion of its brain-weight to 
its body- weight was therefore 1:19. 

The brain of an Orang also has been described with 
great care and minuteness by Prof, llolleston.* It was 
taken from a young male, weighing IGJlbs., whose height 
was 2 ft. 7 in. As the weight of the brain was 12 oz., 
its weight compared with that of the body was 1 : 22*3. 

Our knowledge of the brain of the Gorilla is still very im- 
perfect ; as of the three specimens which have, as yet, been 
examined, one was in a very poor condition, + and the two 
others were taken from very dissimilar animals — the one, 
examined by Broca, being an adult male, I and the other a 
young specimen, only six months old.§ Broca suspects, 
moreover, that there may be two species of Gorilla, instead 
of one as hitherto supposed ; and, while admitting that 
the brain of the Orang presents a slightly higher type than 
that of the other two, he considers the brain of the Gorilla 
to be on the whole simpler than that of the Chimpanzee. 

The Cerebral Hemispheres in the Chimpanzee were 
much smaller in proportion to the size of the Cerebellum 
than they are in the human Brain. They, however, 
slightly overlapped the Cerebellum, and this organ was 
flatter «.nd wider than it is in Man. 

Looked at from above (fig. 115) the Chimpanzee’s 
brain has a short, wide, ovoid form, though in the lower 
races of Man it^s a long, :Jiroid outline. Seen in profile, 

* “ Nat. History Review,” 1861, p. 201. 

+ That of an adultjjimale, examined by Gratiolet, in i860. 

X “Etude sur le Cerveau du Gorille,” Bevj,e d' Anthropologic, 
1878. 

§ This examined by Drs. Bolau and Pansch, and their 
account was made th| subject of some interesting comments by 
Prof G. D. Thane (*‘ ifature,” December 14, 1876). 
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the Frontal Lobes are short and shallow, though as a whole 
its upper outline is decidedly convex. The lower and 
hinder boundary of the Cerebral Hemisphere, when com- 
pared with the corresponding region in Man, is notable for 
its concavity and slanting direction from behind forwards. 
This is due to the marked shallowness of the Occipital 



Fio. IL'5.— Brain of tho Chimpanzee, upper aspect, with npiier part of Right 
Hemisphere cut away so as to expose Lateral Ventricle. (Vogt, after Marshall.) 
Letters of reference for Left Hemisphere similar to those of fig. 110. c s, CoriJas 
Striatum, in the anterior cornu of the V^triclo ; c a, Hi^ocainpus Major, in the 
descending cornu ; h m, HipiXKjampus Min^, in tho posterioLcornu. r 

Lobes in the Chimpanzee — these di^sions of the Brain 
being wide but not deep. The same peculiarity is to be 
seen in the brain of the Orang (fig. 121). 

The Frontal Lobes in the Orang hf^e a recuirved beak- 
like termination (seen also in fig, 121) p anct if we turn the 
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organ over so as to examine its base, the orbital or under 
surface of these lobes is found to be distinctly concave, as it 
is in most of the larger Monkeys and Apes. Just behind 
these parts, the lower terminations of the two Temporal 



Fio. 116.— ■Brain of a Human Idiot. Tlieilo.) Tliis brain, examined 

by Theile, weighed only 10 ’O oz. (300 graiuracs). 'With the exception of one, it is the 
smallest Male Idiot’s Bmin whoso characters have been recorded. 

This figure ii^placed for compariwiF^vith that of the brain of the Chixupanzee ; 

the letters of reference being the same in each of thoni. 

I^obes approach rathj^ close to one another (fig. 118), and 
between them are two ‘ Corpora albicantia/ as in Man. 

The Sy^an Fissure in the Chimpanzee as well as in 
the Gorilla (fig.^ll'a, and the Orang (fig. 121), is much 
less horizontal than it is in Man. In this respect it pretty 
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closely resembles the disposition met with in the brain of 
the Mangabey, the Wanderoo, and other of the ‘ Dog- 
like' Apes (figs. Ill, 113). Its direction more nearly 
approaches the horizontal in the Gorilla than in the other 
two. 

The Fissure of Rolando is very distinct in the Chim- 
panzee, though its upper extremity is situated in front of 
the middle of the brain, instead of being more decidedly 



Pio. 117. — ^Brain of the Gorilla, side view. (After Bolan and Pansch.) I, Frontal 
lobe ; II, Fiasure of Rolando ; III, Parietal lobe ; IV, Temporal lobe. C. Cerebellum ; 
fg, l^Bure of Sylvius; s c, External Perpendicular Fissure separating Parietal from 
Occipital Lobe. 

behind it as in Man. According to Marshall, a little more 
than one-third of the surfa§8 of the ^rebruju lies in 
front of the Fissures of Sylvius in the^Chimpanzee, instead 
of nearly one-half as in Man. In tl|b Orang the propor- 
tionate size of the Frontal Lobes is strictly intermediate. 

In the Orang, too, the Fissure of Rolando ^g. 121) is 
very strongly bent upon itself — almoi|^ at right angles— so 
that its lower extremity, instead of bemg in advance of the 


Chap. XVII.] THE BRAIN OF qUADRUMANA. 


299 


anterior extremity of the Temporal Lobe, as it is in the 
Gorilla (fig. 117), is more nearly opposite the middle of 
the Sylvian Fissure. This peculiar disposition of the 
fissure of Kolando in the Orang coincides with a greater 
comparative development of the lower (or third) tier of 
‘ frontal convolutions,* and with a notable falling off in the 
size of the lower half of the ‘ ascending parietal * con- 
volution. On the other hand, the disposition met with 
in the Gorilla seems to 


be due principally to the 
greater development in 
it of the lower part of 
the parietal region of the 
Hemispheres. Thus, the 
great size of the ‘ supra- 
marginal lobule * and of 
the lower part of the ‘ as- 
cending parietal’ convo- 
Jution, seems to cause 
the lower half of the 
fissure of Eolando to be 
pushed decidedly for- 
wards. These peculiari- 



ties do not appear to »Fig. ns.— Bwin of Oranj^, view of base or 

I . .1 under aspect. (Owen, after Ticdemanii.) Com* 

have *been previously 1,^8© of Ilumau Brain Fig. 141. 

noticed by anatomists. 

The External Perpendicular Fissure is particularly 


well marked in^he Chimfjnzee (fig. 115), though it is 
seldom distinctly visible in the human brain. In the 
Chimpanzee it is nj! crossed by any superficial ‘ bridging 
convolutions,’ so that its posterior border (or ‘ Operculum ’ 


as it is cfJied in lower forms of Quadrumana) is uninter- 
rupted. This fissure is continued on the inner side of the 
brain as the 'Intend Perpendicular Fissure* (fig. 120, /p)* 
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In the Gorilla also, the External Perpendicular Fissure 
(fig. 117, 8 c) is very distinct and long, its hinder margin 
(Operculum) being convex anteriorly, and somewhat more 
sinuous than it is in the Chimpanzee. The first ‘ bridging 
convolution * emerges from beneath it above. But in the 
Orang this Perpendicular Fissure is sometimes much 
shorter and less obvious (fig. 119) than it is in either of 
the other two great Apes, so that in this respect its brain 
approaches more closely to that of Man. It is sometimes 

interrupted above by 
an upper ‘ bridging 
convolution ’ which 
has a. superficial posi- 
tion of this kind in 
no other of the Quad- 
rumana, except in 
Ateles. 

According to Kolle- 
ston this superficial 
position of the upper 
or first ‘ bridging con- 
volution ’ is not con- 
stant in the Orang or 

Fia, 119. — Brain of Orang, nppcr aspect. (Dtftican, OVOn in Man while 

from specimen in Musemn of Royal College of Sur- both it may at 

times be present on 



goons.) F, Frontal Lobe ; O, Occipital Lobe. 


one side and absent on the other. He adds : — In the 
higher species of the order A]|^s, as in th|^highej varieties 
of the species Man, we find variabilitv the rule, uniformity 
the exception ; in the lower species, k in the lower varie- 
ties of Man, the reverse condition obtains.” 

The second ‘bridging convolution’ whicH|us always 
present, superficial and easily recognii^ble in M^an, is :^ai(l 
to be as invariably absent in the Cmmpanzee and the 
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Orang, and it was also absent in the young Hamburg 
Gorilla. 

The three principal Fissures already referred to, viz., 
the Sylvian, that of Eolando, and the External Perpen- 
dicular, divide the outer surface of the Hemisphere into 
four Lobes, in the manner already described (p. 292) ; 
and though their relative size is very different in the several 
creatures in which they exist, these Lobes may be considered 



Fjo. 120. — Ilmin of Oorilhi, longitudinal section, inner aspect. (Bolauand Pansch.) 
cm, Calloso-nuiTginal Fissure ; /. p. Internal Perpendicular Fissure ; /. c. Calcarine 
Fissure, being the posterior jart of the ‘ Fissure of the Hippocampus.' 

to repi^sent strictly homologous parts in inferior Monkeys, 
in higher Apes, and also in the Brain of Man. 

Concealed by the lips of the Sylvian fissure, and form- 
ing part of its floor, we max find the small Central Lobe, 
commonly knowif as the ‘iMand of Eeil.’ This part be- 
comes well marked mi even complex in Man, and, accord- 
ii^g to Flower,* is wraceaWe, except in the diminutive 
Marmoset, ^roughout the Qiiadrumanous series, though 
iii is absen^n all other Mammalia. 

* “Tranl. ofi^oolog. Soc., 1866,** vol. v. p. 108. 
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Three other Fissures of secondary importance are easily 
recognizable in each of the great man-like Apes, as well 
as in many of the lower forms, viz., the Parallel Fissure, 
situated parallel with, and posterior to, the fissure of Syl- 
vius, in the long axis of the Temporal Lobe ; the Calhso- 
marginal Fissure on the inner side of the Hemisphere 
(fig. 120), just above the Corpus Callosum ; and the Fissure 
of the Hippocampus, situated near the junction of the inner 



Fio. 121.— Brain of Orang, side view. (Vogt^after Gratiolct.) Letters of rcfcrenco 
as in Figs. Ill, 133, and 142— with which compare. 

with the under surface of the posterior half of the Hemi- 
sphere (fig. 120,/. c). 

Next to the Sylvian, the * !|^rallel Fismre * is the most 
constant of the markings on the outer surface of the Cere- 
bral Hemisphere (fig. 105) ; though al^^r this, according to 
Flower, *‘the most persistent fissure on the outer face 
appears to be the one bounding the upper bcii^er of the 
angular gyms ” (dg. 107, m). The san^ anatomret adds 
But it is, perhaps, the sulci of the initor fbee of thehemi- 
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sphere that are most characteristic of the Primates, and 
offer the most striking differential features from other 
Mammalia.” The posterior part of the ‘Hippocampal 
Fissure/ named ‘ Calcarine ’ by Huxley (fig. 120, /. c), 
is peculiar to Man and the Quadrumana. It sometimes 
persists deeply marked in the lowest forms, when every 
other trace of a fissure except the Sylvian has disappeared. 
The Sylvian, however, is found in lower Mammals, and 
the ‘ Calloso-Marginal,* which is usually very distinct 
among Quadrumana (fig. 120, s. cm), seems also to exist 
in the great majority of Mammals. 

The part of the outer face of the Hemisphere known in 
Man as the ‘ Supra-Marginal Lobule’ (figs. 138, 142, // //), 
existing above the posterior end of the fissure of Sylvius, 
was said by Gratiolet to be invariably absent, in the great 
‘ man-like’ Apes. But, according to Prof. Rolleston,* “ the 
development of this part is very frequently asymmetrical 
on the two sides of the same brain, and its development 
in any two human brains, taken at hap-hazard, is pretty 
sure to present the greatest differences.” It ivould seem, 
moreover, that a simple representative of this structure is 
unquestionably to be found in the Chimpanzee, that it is 
better developed in the Orang (fig. 121, //, and posterior 
thereto), and that it is largjer still in the Gorilla (fig. 117): 
so that^the supposition as to its absence in these creatures 
was a mistake, and we certainly have not in this direction, 
as Gratiolet thought, a differentiating mark between the 
brain of the great Apes and ^at of Man. 

The several C devolutions ^11 not now be further referred 
but the names o^many of them may be ascertained 
by a careful study/of figs. 115—121. Although the 
letters and mimbers affixed to corresponding parts in these 
several rep|esentations of the brain of the Chimpanzee, 
Loc. cit., p. 212. 
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the Gorilla, and the Orang, are not in all cases the same, 
the reader will have little difficulty in recognizing in each 
the parts which correspond. 

No great difference exists between these three Apes in 
regard to the Internal Topography of their brains, so far 
as it is known. The following particulars refer in the 
main to that of the Chimpanzee (fig. 115). 

The Corpus Callosum is shorter and thinner than in 
Man, and Prof. Marshall concludes that, in proportion to 
the size of the brain, its bulk is twice as great in Man as 
it is in the Chimpanzee. The Anterior Commissure is 
proportionally large, and so is the soft or Middle Com- 
missure. The Posterior Commissure, however, is small. 
The Fornix is tliin, and the ‘ tenia semicircularis * is 
just discernible as a thin white band lying over the 
line of junction between the Thalainus and the Corpus 
Striatum, and joining the pillars of the Fornix an- 
teriorly. 

The Lateral Ventricles are rather large, and its three 
Cornua are quite distinct. The central part, known as 
the body of the ventricle, corresponds with the parietal 
lobe externally; its anterior cofnu is prolonged into 
the frontal lobe ; its descending cornu traverses the tem- 
poral lobe, and its posterior cornu extends into the occi- 
pital lobe. On the inner side of the descending cornu is 
the projection (fig. 115, c a), known as the ‘ Hij^pocampus 
major,' from which the posterior pillar^f the fornix is 
derived. On the inner side of the floor of the^ posterior 
cornu is the ‘Hippocampus minor* oi^alcar avis,’ a small 
eminence (h 7u), produced by a deej^ning of part of the 
fissure of ^e hippocampus (the ‘ calcarine *)>|tp which it 
corresponds externally. Between this projectWn and the 
upper part of the bend of the lar Hippocampus is 



Chap. XVII.] THE BUAIN OE QUADEUMANA. 


805 


another small projection C eminentia collatcralis ’), which 
is also recognizable in Man. 

Of the Corpora Quadrigemina the anterior pair are tlio 
larger, though they are somewhat less prominent than the 
other couple. The Pineal Body is rather large and soft. 

In its general shape the inferiority of the brain of the 
Chimpanzee, as compared with that of Man, is most 
marked in the direction of vertical height ; in the rela- 
tively small dimensions of its frontal lobes ; and in the 
similarly small relative bulk of its occipital lobes. 

The outline of the brain of the Gorilla, as seen from 
above, is that of a broad ovoid, though it is not so broad 
as that of the Chimpanzee. Its anterior lobes arc wide, 
rather shallow, bat long, more so even than in the Orang — 
tliough the latter cxliibits a greater complexity of its con- 
volutions. In vertical height, too, its Hemispheres seem de- 
cidedly superior to those of the Chimpanzee and the Orang; 
but its posterior or occipital lobes are distinctly smaller and 
shorter than they are in either of the other two ‘ mandike ’ 
A-pes. The parietal lobes of the Gorilla are notable for 
their great size both in width and depth, while the con- 
volutions of this region are well defined, and decidedly 
raore developed than in pthcr parts of the brain. Its 
' J^upravnarginal lobule ’ especially, is larger and better 
:loiincd than it is in either of the other ^man-like’ Apes, 
f he temporal lobes are comparatively smaller, while their 
convolutions are simple, tho|gh not very symmetrical on 
the two sides. 

Owing to the grcAr narrowness of its anterior lobes, 
the outline of the brfin of the Orang, as seen from above, 
is not nearly so rounded as it is in the Chimpanzee, and 
it is also rajner narrower than that of the Gorilla. The 
anterior lobes ar« soj^owhat deficient in length and depth, 

X 
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and in consequence of this, as well as of the smaller 
relative development of the parietal lobes, the Sylvian 
fissure deviates much more from the horizonal position 
in the Orang than in either the Gorilla or the Chim- 
panzee.* The lower and posterior border of the Cerebral 
Hemispheres is notably more oblique than it is in ]\Ian, 
owing principally to the small size and shallowness of 11 le 
occipital lobes. In this latter respect, as well as in tlie 
generally deficient depth of the Hemispheres as compared 
with those of Man, the Chimpanzee and the Orang are 
closely allied. 

On the whole, it would appear that the convolutions of 
the Gorilla’s brain are slightly more subdivided and com- 
plex than those of the Chimpanzee ; though in this respect 
the brain of the Orang is, to about the same extent, 
superior to that of the Gorilla. As regards the want of 
exact symmetry of many of the corresponding convolutions 
of the two Cerebral Hcmispl^ercs, that of the Orang also 
approaches most closely to the still more marked asym- 
metrical condition of the brain of Man. 

* This direction is very well scon in the figure given by Prf)f. 
Bolleston (loc. cit., pi. 3, fig, 1), though it is not so distinct in that 
of Gratiolet (see fig. 121 in text). 



CHAPTER XVIIL 

TTTR MENTAL CAPACITTES AND POWERS OP HIGHER BRUTES. 

In a previous chapter some account has been given of 
tlie instinctive and occasional actions of the higher Social 
Insects, with the effect of disclosing the extremely routine 
nature of their operations ; these being carried on under 
the guidance perhaps of one, and rarely of more than two, 
really potential Sense Endowments. The power shown by 
those organisms of adapting their actions to new condi- 
tions with which they were J^rought face to face, ^vas found 
to be very sliglit and almost wanting. 

Reference has also been made to the instincts of Birds, 
to the wider range of mental phenomena displayed by 
these animals, as well as to their greater power of adapt- 
ing their actions to ’ the exigencies of new conditions. 
The nervous system of Jlirds is, however, much more 
highly^ developed than that of Insects, as is evidenced 
more especially by their possession of largo Cerebral Lobes 
for the correlation of sensorial impressions. Birds are, 
moreover, comi^nly guide'^ by three highly acute Sense 
hhidowmSnts instead of two, in addition to others of minor 
importance. 

Our consideratioif of the actions of Birds afforded good 
warrant fo^the inference that in them the germs, or some- 
times ratMr more than the germs, of higher mental 
manifestations ina^become nascent in the form of rudi- 

X 2 
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ID on t ary Thoughts, or more developed Emotions and 
Volitions. 

The survey since taken of some of the principal forms 
of the Brain in Quadrupeds and Quadrumana reveals a 
very marked increase in the relative size and complexity 
of the Cerebral Hemispheres in each of these great classes. 
And though no distinct serial' order is to be traced, it 
must be obvious from the preceding descriptions and 
figures, that the brain of the higher Apes presents almost 
as great an advance in relative size and complexity over 
that of the higher Quadrupeds, as that which characterizes 
the brain of these latter animals in comparison with the 
brain of Birds. 

It remains, therefore, briefly to consider the scope of 
the mental life of Quadrupeds and Quadrumana for com- 
parison with that of Birds, The materials for arriving at a 
judgment upon this point mus/i still be of the same order 
as. they were in the case of animals lower in the scale of 
organization. We can only study their actions in the 
records which have been given of them, striving to inter- 
pret them in the manner previously indicated (p. 190) ly 
the reflected light derived from our' knowledge of hunuin 
intelligence and human action^ — and yet not too much 
from the mere human point of view. 

It is worth while here to take note of the fact tlmt 
the most intelligent Quadrupeds — and more especially 
Elephants — have the advant^e of brining into play 
rather highly developed sense of Touch, in aid of their 
other acute and highly discriminalCn senses of Sight, 
Smell, and Hearing ; and also that ihe same four sen- 
sorial endowments are commonly in activ|j operation 
among Quadrumana — although with them sSiell seems 
to diminish in importance, while thVnidre definite and 
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intellectual sense of Touch becomes more and more called 
into play, as it is with human beings. 

In Chapter XII. it has been shown that Intelligence 
or Reason, as well as Emotion, have their roots in, and 
cannot bo separated from, Sensorial Activity ; and it has 
also been shown (pp. 187—191) that the sensorial endow- 
ments and mental attainments, such as they are, of all 
animals whatsoever tend 4io be transmitted in a constant 
and truly marvellous manner to their oflspring. 

The (question of the number and the excellence of the 
Sense Endowments of particular kinds of animals is, there- 
fore, of considerable importance in relation to tlie degree 
of their Intelligence. Each practically new addition or 
greatly developed activity of this kind, in animals whose 
iiitclligcuce is so far developed as to bo obvious and 
indubitable, cannot fail to give additional breadth and 
strength to their mental operations — to say nothing of the 
new special knowledge, resulting from its exercise, as to 
the qualities of the outer world of things by which such 
organisms are surrounded. 

Gradually altering race experiences, if persistent enough, 
arc certain to leave their marks in the form of minute struc- 
tural modifications 6^ the Nervous System — and these, 
if not actually recognizj,ble in themselves, reveal thein- 
sclYe» by their effects — that is, by the manifestation on the 
part of such animals of new or altered susceptibilities to 
Impressions from external things or occurrences. It is a 
familiar fact tlmt disuse Uunts the sensorial powers of 
individual aninmls, while use and exercise tend to sharpen 
them. We can f^ily imagine, therefore, what potent 
modifiers ‘ use ’ an^‘ disuse ’ may be when they bear respec- 
tively upon the same Sense Endowments for generation 
after genptation of some particular kind of animal. 

Inasmuch as nc^ing like a single serial progression is 
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to he traced among animals now extant, or oven when these 
are intercalated with the remains of the very small frac- 
tion of extinct forms which have as yet been discovered in 
the shape of fossil relics, so nothing like a mental serial 
progression is to be looked for. Whatever the grade of 
organization of an animal may be, we have, in estimating 
the nature of its mental processes and powers, to look 
much to its present sensorial, organization and endow- 
ments. It is true, however, that the experiences of 
ancestral forms Avill have had much to do with the basis 
and background of the creature’s Mental Processes, both 
in special and in general directions. 

If the Mole and its ancestors, owing to their usual con- 
ditions of life, have had little need of eyes, and' these have 
consequently, in the course of generations, undergone a 
process of atrophy from disuse, the basis of the mental 
processes of these particular animals must have been 
thereby proportionately altered. Sight impressions being 
cut off, other Sensorial Endowments would have gradually 
risen in importance for the daily conduct of their life. 
The sum total of the neural impressions and responsch; 
of such animals would, therefore, come to bo very different 
from those of their near ally, the kecii-visioncd Rat. How 
different, again, must be the web of sensorial impressions 
constituting the basis of the mental life of the Stag, into 
which Scents enter so largely, when compared with that 
of the Whale, the Porpoise, or the Dolphin, in whom 
impressions of this order se^ to be almost or wholly 
wanting. ^ V t 

While there may, therefore, be a 4*eneral onward pro- 
gress in the complexity of mental pliAiomena in different 
groups of animals, regarded as groups, this general atl- 
vance may be ^ trangely chequered and interru|fted, if 
look at its maiiifcstations in individibl Iprms, owin ( to 
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the peculiar habits of each, and the consequently varying 
nature of their sense endowments — either in the direc- 
tion of defect or of hyper-refinement in discriminative 
power. 

The space available in this volume is wholly inadequate 
to permit of any attempt to do more than call the reader’s 
attention to a few of the more important of the recorded 
actions of some of the moat intelligent of Quadrupeds and 
Quadrumana. Tlieso, however, may be useful for com- 
parison with those recorded in previous chapters concern- 
ing animals lower in the scale of development. 

The instinctive operations of Beavers are both well- 
hnown and remarkable. While they show us a much less 
macdiine-like series of actions than are exhibited by In- 
Bccts, Beavers also display a more distinct power of 
adaptation to new or unusual conditions than is to be 
met with among Birds. They live in colonies, and work 
together in a most skilful manner to bring about, by 
numerous and eomplicnted means, some common purpose 
• — a purpose, moreover, which has at different times to bo 
executed under by no means identical conditions. As 
Leuret^ points out, s« great a variety of labours is needed 
for the constructions carried on by the lieaver; they in- 
clnde^so many instances ^)f a well-made choice ; so many 
accidental dilliculties fire surmounted by these animals, 
tliat it is impossible not to recognize in their acts 
the cliaractcristics of a rather high intelligence — even 
though k may^fc of instinlfcivo origin. The fact of their 
intelligence havinglhis basis does not, however, detract in 
the least from itj/flignity and importance, seeing that 
instinctive operations constitute almost the necessary 
8tarting-||[>int for that freer ]>lay of choice and independent 

‘VAuali C(^p. du Sy.-’t. x\crv.” t. i. 1839, p. 500. 
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adaptation of means to ends which characterizes Intelli- 
gence in all its grades. 

The sagacity of the Horse and of the Dog — and espe- 
cially of the latter — is well known and appreciated. Much 
of the high intelligence exhibited by Dogs, however, is 
perhaps to be regarded as a distinct result of the educa- 
tion of individual animals while tliey have been acting as 
Man’s associates and helpers.. Under his influence tlie 
aptitudes and cerebral organization of the race appear to 
have been slowly improved. Still, notwithstanding the 
advantages of this association, the Dog could never have 
profited by it so much as he has done, had ho not been 
endowed with an unusual plasticity of organization, to- 
gether with faculties of observation and a power of Atten- 
tion of no ordinary kind. 

The faculties of the Wild Dog are not very different 
from those of the Wolf, and in almost all respects they are 
notably inferior to those of animals whoso ancestors have 
been educated by association * with Man. Even Wolves 
will, however, hunt their prey in couples with skilfully 
concerted though varying actions, calculated to make their 
victims fall an easy prey to stratagem. Dogs have also 
been known to adopt a very similar rule — and that even 
when the conspirators have been altogether different iu 
size and breed. 

Evidence is not wanting to show that some of the 
emotions of a Dog may have an altruistic basis — apart 
from mere instinctive love or affection for their offspring. 
The Dog’s sympathy with its ^nastcr wh^ in distress, is 
more marked and more frequently riet with than it is 
for members of its own kind whomL it may chance to 
meet under circumstances of more or less distress. 
the former kind of Sympathy on the part o^tthe Dog 
numerous stories are on record ; and Ihis deling is to be 
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regarded as the joint product of the animars intelligence 
and of its love for its master or mistress. Of the mani- 
festations of sympathy for their own kind the records are 
comparative]}" scarce. Swainson, however, quotes a good 
instance of it. He says*' : — 

“The Hev. Mr. S , of M , Denbighshire, had a 

favourite Newfoundland dog, who lived at large, jmrtook of 
the best of everything, and exercised his power with great mild- 
ness. He was seen more than once leaping the gate which 
separated the yard of the house from the hirm-yard, and carrying 
large bones that had been given him to a sporting dog, who was 
tied up in the stable.” 

The occasional dislike of the Dog for members of its 
own species — engendered almost at first sight — is some- 
times striking enough in itself, but when we find that a 
memory of this sort of Emotion is retained, and roused 
again after a long period by a simple Association of Ideas 
■ — roused, too, in such force, as to stimulate to immediate 
action — the fact is one which deserves to be recorded in 
illustration of the mental and emotional processes of the 
Dog. Dr. Paladilhe, of Montpelier, has cited an inter- 
esting instance of this kind. Being about to spend some 
days with relatives living in a small village about twenty- 
two miles distant, he took his greyhound with him, sho 
never l/aving been there before. 

“It so happened,” be says,t “that not far off there was a hound 
bitch belonging to one of my cousin’s neighbours, and between these 
t^vo animal^ (from begiiinin^f my short stay) there arose the 
deepest hatred and animosity, and conlliots of the most ferocious 
l<ind were matters of Aaily, aiinost hourly, occurreuce. Time 
altogether failed in producing any better feeling between them, and 
to the end of my visit each was ever ready and anxious to try its 

J f 

“ Habits ajd Instincts ot Animals,” p. 72. 
t “NatJhre# August 7, 1873. 
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strengtli whenever the opportunity offered. In the course of the 
following year I paid a second visit to the same place accompanied 
by my greyhound, and about three-quarters of an hour before I 
reached the village, the animal, as if struck with a sudden idea, 
rushed forward at her full speed, and all attempts to call her back 
proved quite ineftectual. On reaching the tillage I found that a 
terrible encounter had already taken place between the two heroines, 
who were on the point of renewing the attack after a temporary 
cessation of hostilities.’* 

Some Dogs seem even to entertain an embryo notion of 
‘justice’ and its opposite, the realization of which testifies 
to the occurrence of mental processes of some complexity 
for such animals. Leuret cites the following anecdote : — 

“Am go, the astronomer, was once overtaken by a storm in a 
small village in the south of France, and Durcaii de Larnalle, who 
related the story (‘Ann. des 8c. Nat.* t. xxii. 1831), says the 
cottagers with whom he had taken refuge could only offer him a 
chicken for dinner — and this he at once ordered to be cooked. '^I’lie 
spit was provided with a revolving drum, into which a dog was 
accustomed to enter in order to give it the necessary movement. 
One of the dogs kept for this purpose (‘ turnspits * as they were 
called) wa.s in the kitchen, and on the cottager attempting to take 
it, the dog showed his teeth, hid himself, and obstinately disobeyed 
his master’s orders. Arago, in surprise, risked the cause, and was 
told that the dog rebelled because it was his companion’s turn. 
The astronomer directed that the other dog should be fetched, and 
on its arrival, at the first sign from his master, it went into the 
drum and turned the spit for about ten minutes. In view of 
completing the experiment, Arago caused the drum to be stopj)ed 
and the dog liberated, telling the cottager then to summon the 
previously restive animal. The order was given, and the animal 
whose refusal had previously bec|tso obstinat^convinced that his 
turn of drudgery had come, entered the drur^of his ^wn accord, 
and began to turn it.’’ a 

Those who liave kept intelligent\iogs know the sur- 
prising extent to which they become capabk of under- 
standing iaiignage— that is their power of con^reheiiding 
and of acting upon mere verbal instructions. A 
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instance of tliis has lately been cited by Mr, Charles 
Stewart, of Tighnduin, Perthshire. He says : — * 

“ A few years ago I kept a collie dog named * Bodacb * at my 
farm, for herding the milk cows, and who recognized the dairymaid 
as his mistress. On her directing him to keep the cows on a cer- 
tain part of a field, ho would lay himself down in the centre of a 
line fixed by him as the jmjpcr limit. Patiently and vigilantly he 
would remain in quietness, until any of the cows passed his limit, 
when he would swoop down on* the trespasser, take her by the 
heels, and drive her back. It was wonderful in how short a time 
the cows came to recognize and respect the arrangement. He also 
came to know some of the cows by name. One of them named 
‘Aggi* required at certain seasons to be milked often er than the 
others, and the dairymaid had only to say in Gaelic, ‘Bodach, go 
and bring home Aggi,’ when he would start for the pasture, single 
out Aggi, and bring her carefully home.** 

The cunning of the Fox is proverbial, and often charac- 
terized by a degree of intelligence which is not a little 
remarkable, when we consider that it is altogether tlie 
result of the creature’s unaided converse with Nature — 
aiul certainly independent of any encouragement from 
Man. A good example of this native intelligence is to 
1)0 found in the following incidents t : — 

“Afafmer looking out *of his window one summer’s morning 
about three o'clock saw a fox crossing a field before it, carrying a 
large duck that ho had captuAd. On coming to a stone dyke 
about four feet high, on the side of the field, Reynard made 
an effort to leap over it with his prey, but failed, and fell 
hack into the field. After making three attempts with the 
same result he sat down and vitwed the dyke for a few minutes ; 
after ai)par3ntly s^sfying him^'lf, he caught the duck by the 
head, and standing up a^minst the dyke with his fore- paws, as high 

* “Nature,” May 1,^879, p. 21; another excellent illustration 
of the intelligence of a dog is given in “ Nature,’* March 20, 1879, 
p. 458. ^ 

t“Naturef March 2^ 1873, p. 410; February 27, 1879, p. 385; 
and March 6, 1879,»p. 
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as he could reach, he placed the hill of the duck in a crevice in the 
wall; then springing upon the top, he reached down, and pulling 
up the duck dropped it upon the other side, leaped down, and, pick, 
ing it up, went on his way.” 

The Eev. G. Henslow writes thus : — 

“ The Arctic fox — too wary to be shot like the first who took a 
bait tied to a string, which was attached to the trigger of a gun — 
would dive under the snow and so j)ull the bait down below the 
line of fire.” Dr. John Eay adds that he has known several cases 
in which, under such conditions, instead of digging and jumping 
into a trench in the snow to avoid the shot, an Arctic fox has “ cat 
the line attaching the bait to the trigger of the gun before taking 
the bait.” 

The large and highly convoluted brains of the Porpoise 
and of the Dolphin, as well as those of many marine Car- 
nivores, have long been deemed remarkable peculiarities 
in these animals ; and doubts have been expressed whether 
their Mental Faculties are in any way equal to what might 
have been expected if we Iodic merely to the size and de- 
velopment of their Cerebral Hemispheres. Some remarks 
have already been made on this subject, with the view 
of showing that the extraordinary activity and varied 
muscular movements of these creatures may have much 
to do with the great size even of the Cerebral Hemispheres, 
as it has unquestionably to Slo with the great develop- 
ment of the Cerebellum.* Their voracity is enormous ; 
and this, together with the rapidity and variety of their 
movements, must entail a corresponding activity of all 
their Sensorial 0”gans. Tto diversity %f their daily ex- 
periences also is probably greatly in|reased by the fact that 
they are gregarious animals, accustomed to hunt their pi*ey 
and live together m small troops. It is quite possible, 
tlioreforv;, ibat the sagacity and emotional na^fre of these 

* See p. 278. 
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animals may be much more highly developed than is gene- 
rally imagined. 

But we, unfortunately, know very little about the more 
intimate habits of either Porpoises or Dolphins, as the 
medium in which they live removes them so much from any 
minute and continuous examination. Some few interesting 
observations have, however, been recorded concerning two 
Porpoises formerly in the -largo tank of the Brighton 
Aquarium. 

W. Saville Kent says: * — “The first comer so readily accommo- 
dated itself to its altered conditions, that on the second day it took 
its food, smelts and sprats, from its keeper’s hand, and has con- 
tinued to do so ever since. The later arrival was at first less 
sociably inclined, but both have latterly become equally tame, and 
frequently, while receiving fish from my hand with the geutleness of 
pet dogs, have permittid me to pat and stroke their slippery india- 
rubber* like backs.” 

Curiosity is a sign of Intelligence of a comparatively 
liigli order. It may be said to be almost absent in Ihrds, 
but it seems to exist to a very marked degree in the 
Porpoise. 

W. JJaville Kent says A new arrival is at once subjected to 
tlie most importunate attention, and, advancing from familiarity to 
contempt, if disapproved of, s^on becomes the object of attack and 
persecution. A few Bog- fish, three or four feet loug, placed in the 
same tank, soon fell victims to the tyranny of the i*orpoisea; and 
a fine Sturgeon, six feet long, was likewise much persecuted and 
had to be removed. This was also the case with some large Skates. 
The latter, so long^ they mai4|ained their usual habit of lying 
sluggishly on the fioor of the tank, escaped molestation; but no 
sooner did these fish display any unwonted activity than the 
Porpoises were npon lllem, and, making a convenient handle of 
their characteristic attenuated t;:uls, worried them incessantly.” 

one occAion, the same observer witnessed “ the two Cetacea 
acting evid "tly in concert against one of the Skates.” 

Nfture,” July 17, 1873. p. 229. 
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Porpoises make a prodigious slaughter among the shoals 
of Herring, Mackerel, and other fish which periodically 
visit our coasts. 

As to the Dolphin we have no precise knowledge, 
but many stories have come down to us from ancient 
times, the general purport of wdiich seems to testify to their 
rare docility, intelligence, and sympathetic nature. Fact 
and fable may be here inextricably intermixed, though, as 
Leuret suggests, it seems probable that there is some 
basis of truth for these various stories. We stand much 
in need, however, of some accurate modern observations 
as to the habits and degree of Intelligence of these highly 
interesting creatures, whose brain is so large and well 
developed. Swain son quotes Cuvier, to the effect that 
the Dolphin ‘‘carefully suckles and tends its young, 
carrying them gently under its pectoral fins, sporting 
with and continuously exercising them in swimming. 
The male also attaches hiir^self for life to his female 
companion, and becomes her most zealous guardian and 
protector.” 

The Elephant is, by general consent, regarded as the 
most sagacious of all four-footed beasts living in a state 
of nature. It seems pretty certani, however, that this 
estimate would not be applical^le to brutes generally, in- 
clusive of the Quadrumana. 

Like the Apes, the F^lephant adds to its other sensorial 
endowments an acute and discriminative sense of Touch. 
Its prehensile trunk serves gll the pu^oses to which a 
highly sensitive hand could be applied:' The* Elephant 
enjoys the further very considerabl4 advantage resulting 
from a prolonged length of life. Wien an animal which 
ti.lready, in its early days, possesses a fair amount of intelli- 
gence, has its experiences extended over a pen|)d so con- 
siderable as 150 years or more, we l\ve a right to expect 
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that individuals, and ultimately the race, should benefit 
much therefrom in the way of increased sagacity. The 
importance of this point will be best appreciated by those 
who know the differences in point of Sagacity between the 
generality of young dogs and those that have lived on to 
their full term of active life. For, if so much difference in 
this respect arises with the Dog in the course of eight or 
ten years, we may naturally look for notably greater 
effects of the same kind during a life at least ten times 
as long as that of the Dog. 

On the other hand, it must not be forgotten that the 
Elephant never breeds in captivity, and therefore never, 
like the Dog, bequeaths to succeeding generations any of 
those higher developments of its faculties and poAvers w^hich 
may have resulted from its intercourse with, and education 
by, human associates. The individual Elephant, there- 
fore, can be educated by man, but the race must have its 
faculties sharpened in the wider school presented by the 
sum-total of their own natural surroundings. 

When once tamed, the Elephant becomes, as Buffon 
says, the most tractable and submissive of all animals : — 

“He^B affectionate to his keeper, caresses him and does what- 
ever he can to please him. In a little time he understands 
s^igns, and even the expression ^f sounds; he distinguishes the tone 
of command, that of anger or goodnature, and acts accordingly, 
lie never mistakes the words of his master ; he receives his orders 
with attention, and executes them with prudence and eagerness.” 

The intelligence and sa^city wdiich the Elephant is 
Well knovwL to d^)lay, in am of his keepers, in capturing 
saiins or solitary m^s in the wild state, as quoted by 
Swainson,* is so sr/prising as to bo almost incredible, 
were it not that the facts arc notoriously well attested. 
The accouj^ is too long to be here quoted. 

• “ Habits Instincts of Animals,” p. 24. 
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The same kind of judgment and sagacity are, however, 
shown by the Elephant when he gets into too soft a 
swamp. 

Swainson writes : — “The cylindrical form of an Elephant’s leg — 
which is nearly of equal thickness — causes the animal to sink very 
deep in heavy ground, esi)ecially in the muddy banks of small 
rivers. When thus situated, the animal will endeavour to lie on 
his side, so as to avoid sinking dcqper; and, for this purpose, will 
avail himself of every means to obtain relief. The usual mode of 
extricating him is much the same as when he is j^itted ; that is, 
by supplying him liberally with straw, boughs, grass, &c. ; these 
materials being thrown to the distressed animal he forces them 
down with his trunk, till they are lodged under his fore-feet in 
sufficient quantity to resist his pressure. JTaving thus formed a 
euffipient basis for exertion, the sagacious animal next proceeds to 
thrust other bundles under his belly, and as far back under his 
Hanks as he can reach; when such a basis is formed as may be, in 
his mind, proper to proceed upon, he throws his whole weight for- 
wards, and gets his hind feet gradually upon the straw, (fee. Being 
once confirmed on a solid footing, he will next place the succeeding 
bundles before him, pressing them ‘well with his trunk, so as to form 
a causeway by which to reach the firm ground.” “ He will not bear 
any weight, definitely, until by trial both with his trunk and the 
next foot that is to be planted, he has completely satisfied himself 

of the firmness of the ground he is to tread upon The 

anxiety of the animal, when bemired, fovms a strong contrast with 
the pleasure he so strongly evinces on arriving at terra firma.^' 

r 

The following particulars were among those reported to 
the Academy of Sciences, concerning a young animal, 
the property of Louis XIV., which was kept for a time 
at Versailles : — ^ 

“ The Elephant seemed to discern whci^anybody maie a fool of 
him ; and he remembered the affront, to Ik) revenged of it at the 
first opportunity. Having been baulked by a man who feigned to 
tf'iow something into his mouth, he struck him with Imb trunk and 
broke two of his ribs, afterwards he trampled hirj} under his 
f'^ct. A painter was desirous of^^kej^hing him m an 
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extraordinary attitude, that is with his trunk erect and mouth open. 
The servant of the painter to make him retain that attitude threw 
fruits into his mouth ; but afterwards he deceived him, which pro- 
voked the elephant’s indignation ; and, as if he had known that 
the cause of this deception was the painter’s desire of having him 
drawn, he revenged himself on the master by throwing with his 
trunk a great quantity of water, which spoiled the paper intended 
for his design.” 

As a well-authenticated mstanco of the Memory of the 
Elephant, and of his obedience to his keeper, Swainson 
gives the following story recorded by Captain Williamson, 
and attested by the signatures of several persons who 
were witnesses of the occurrence: — 

** An Elephant that had been some years domesticated got loose 
during a stormy night, and rambled into his native jungles. About 
foK-r ycavR afterwards, wlien a large drove had been captured in the 
‘.keddah,’ the keeper of the lost one, along with othcx*s of the natives, 
had ascended the barricade of timber by which it was surrounded, 
to inspect the new guests ; among them he fancied he recognized 
his former charge, and, though ildiculcd by his comrades, he called 
to the elephant in question by the name which it had forinerly 
home. To the wonder of all present the animal came towards 
him. The man, overjoyed at the event, got over the barrier, and 
ordering the elephant to lie down to bo mounted, he bestrode 
its necK as in former times and exultingly led it forth, to the 
admiration and surprise of all present.” 

With Memory such as this, with a power of fixing its 
Attention, with a plastic nervous system, and with a very 
long life for each individual, the remarkable Sagacity of 
these animals be in a ||easure understood. 

High, Ifowevei^as is the Intelligence of the Elephant, 
it is unquestionahljj much below that of many of the 
Quadrumana — oven Jof some whose zoological status is 
inferior to ^at of the great ‘ man-like * Apes. Who. that 
has watclup any of these creatures, does not know their 
varied powers -of |(Pppvcciating the conditions around 

Y 
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them, and of shaping their actions into some accordance 
therewith — as well as the range and complexity of the 
Emotions which they are capable of feeling and plainly 
manifesting on different occasions. 

In regard to the Cai, or Weeper Capuchin, one of the 
long- tailed New World Monkeys, — 

P. M. Duncan (Cassell’s “ Nat. History,” p. 184) quotes Rengjror 
to the effect, that when he first gave eggs to these animals “ they 
smashed them, and thus lost much of their contents; afterwards they 
gently put one end against some hard body and picked off the bits 
of shell with their fingers. After cutting themselves only once with 
a sharp tool they would not touch it again, or would handle it with 
the greatest care. Lumps of sugar were often given them wrajqjed 
up in paper, and Rengger sometimes put a live wasp in the paper. 
After this had happened once, they always first held the packet to 
their ears to detect any movement within.” 

The same writer in his account of a female Chacma, 
or Pig-tailed Baboon (loc. cit., p. 146), says : — 

t 

“ She not only adopted young Monkeys of other species, 
but stole young dogs and cats, which she continually carried 
about. Her kindness, however, did not go so far as to share her 
food with her adopted offspring. An adopted kitten scratched this 
affectionate and selfish old thing, who certainly had a fine intellect, 
for she was much astonished at being scratched, and immediately 
examined the kitten’s feet, and without more ado bit off the claws ! ’* 

The same writer also cites (loc. cit., p. 184,) the follow- 
ing remarkable instance of Intelligence : — 

“Formerly one of the large Monkeys in the Zoological Gardens 
had weak teeth, and he used to oreak open tno nuts .rith a stone. 
Mr. Darwin was assured by the keepera that this animal, after 
using the stone hid *t in the straw, and r^^ould not let any other 
Monkey tou(di it.” 

The d( volop merit of Intelligence, EmotioiJ^j and Voli- 
tion, wliiiih becomes so obvious inkJowjer Quadrumana, 
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is, however, recognizable in a still more striking degree, 
when we come to the so-called ^ man-like ’ Apes, viz., the 
Gibbons, the Chimpanzee, the Gorilla, and the Orang- 
utan, as a few details will show, 

A writer in ** Nature ” (Jan. 29, 1874) says : — 

” I keep in my garden a number of Gibbon ii>\)e^{ITylohates agilip ) ; 
they live quite free from all restraint in the trees, merely coming when 
called to be fed. One of these, a young male, on one occasion fell from 
a tree and dislocated his wrist ; it received the greatest attention 
from the others, especially from an old female, who, however, was 
no relation; she used, before eating her own plantains, to take 
up the first that were offered to her every day and give them to 
the cripple, who was living in the eaves of a wooden house; and 
I have frequently noticed that a cry of fright, pain or distress from 
one, would bring all the others at once to the complainer, and they 
would then condole with him and fold him in their arms.” 

Concerning the largest of the Gibbons, the Siamang, a 
native of Sumatra, some interesting details have been 
given by G. Bennett,* of an animal which he brought 
home with him from Singapore. ‘'Its disposition was 
gentle but animated and lively ; and it delighted in 
playing frolics. With a little Papuan child on board 
this Siamang became ^very intimate ; they might often 
be seen sitting near the capstan, the animal with its long 
arm round her neck, eating biscuit together. In his 
gambols with the child he would roll on deck with her, 

as if in mock combat His temper, however, 

was irritable, and on being disappointed, or confined, he 
Would throw hinyj^lf into of rage, screaming, rolling 
about, and dashing everything aside within his reach : 
be would then rise, \Jilk about in a hurried manner, and 
repeat the scene as lilfore. Wi'h the cessation of his fit 
of anger ^ did not abandon his purpose, and often 

Knight^ “ Pic^orij^Museum of Animated Nature,” p. 31. 

^ Y 2 
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gained his point by stratagem when he found that 
violence was of no avail/' 

An instance of this animal's Intelligence is given which 
is very interesting: — 

“ Among various articles in Mr. Bennett’s cabin a piece of soap 
greatly attracted his attention, and for the removal of this soap he 
had been once or twice scolded. One morning Mr. Bennett was 
writing, the Siamang being present in the cabin, when, casting his 
eyes towards the animal, he observed him taking the soap. ‘ I 
watched him,* says the narrator, ‘ without his perceiving that I 
did so; he occasionally cast a furtive glance towards the place 
where I sat ; I pretended to write ; he, seeing me busily engaged, 
took up the soap and moved away with it in his paw. When ho 
had walked half the length of the cabin, I spoke quietly, without 
frightening him. The instant he found I saw him, he walked back 
again, and deposited the soap nearly in the same place whence he 
had taken it : thus betraying both by his first and last actions a 
consciousness of having done wrong/* 

M. Duvauncel says ; — ‘‘ If ^ young one be wounded, the 
mother, who carries it or follows it closely, remains with 
it, utters the most lamentable cries, and rushes upon the 
enemy with open mouth ; but being unfitted for combat 
knows neither how to deal nor shun a blow. It is,” 
he adds, “ a curious and interesting spectacle, which a 
little precaution has sometimes enabled me to witness, to 
see the females carrying their young ones to the water, 
and there wash their faces in spite of their childish 
outcries — bestowing a degree of time and care on their 
cleanliness which, in manyj'»cases, th^ children of our 
own species might envy/' 

A 

In the conformation of their bra^n the Chimpanzee, 
the Gorilla, and the Orang approach, as wev,have seen, 
most closely to that of Man; but it must never forgotten 
that although ii. general shape, in Vie disposition of il^ 
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Fissures, and in the arrangement of its Convolutions, as 
far as they go, there is this striking resemblance to the 
human brain, yet in actual size or weight the brain of the 
‘ man-like ’ Apes is widely separated from that of Man. 
The heaviest brain belonging to one of these creatures, 
as yet examined, has been barely one-half of the weight of 
the smallest normal human brains, although the weight 
of the entire body in the ‘great Gorilla may be nearly 
double that of an ordinary Man. The brains of these 
three kinds of ‘ man-like ’ Apes differ considerably among 
themselves; as we have seen, each in some respects 
approaches nearer to that of Man than the others, though 
on the whole it is considered that the brain of the Orang 
is slightly higher in type than that of the other two. 
They likewise differ from one another a good deal in 
disposition and in general bearing. 

Some years ago a very interesting baby Chimpanzee 
was obtained from the natives of the Gambia coast. 
His mother hud been shot when he was about twelve 
months old, and after a short time he was sent to London, 
and became famous, young as he was, for his great 
intelligence and humiyi-like conduct. Soon after his 
arrival at the Zoological Gardens, this young Chim- 
panzee was visited by distinguished zoologist, Mr. 
Broderip, who has given the following account of him 
(Cassell’s “ Nat. Hist,,” p. 54) : — 

“I, saw him for the first tim^iu the kitchen belonging to the 
keeper’s apartment dressed in a little Guernsey shirt, or banyan 
jacket. He was sitting xhild-like in the lap of a good old woman, 
to whom he clung whenj^er she made show of putting him down. 

He had already become verv fond of his good old nurse, 

and she had^vidently become attached to her nursling, although 
they had onjjV been acquainted for three or four days. • . On 

another occasion, and ^hen he had become familiar with me, I 
caused, in the ruids\ oAis play, a looking-glass to be brought and 



826 


THE MENTAL CAPACITIES AND 


held before him. Ilis attention was constantly and strongly 
arrested : from the utmost activity he became immovably fixed, 
steadfastly gazing at the mirror with eagerness, and something like 
wonder depicted in his face. He at length looked up at me, then 
again gazed at the glass. The tips of my fingers appeared on one 
side as I held it; he put his hands and then his lips to them, then 
looked behind the glass, and finally passed his hands behind it, 
evidently to feel if there were anything substantial there. ... As 
I was making notes with a paper and pencil, he came up and looked 
at me inquisitively, testing the pencil with his teeth when he had 
it given to him. A trial was made of the little fellow’s courage ; 
for, when his attention was directed elsewhere, a hamper containing 
a large snake, called Python, was brought in and placed on a chair 
near the dresser. The lid was raised, and the basket in which the 
snake was envcloj^ed was opened, and soon after Tommy came 
gambolling that way. As he jumped and danced along the dresser 
towards the basket he was all gaiety and life ; suddenly he seemed 
to be taken aback, stopped, cautiously advanced towards the basket, 
peered or rather craned over it, and instantly, with a gesture of 
horror and aversion, and the cry of * Hoo ! hoo ! ’ recoiled from the 
detested object, jumped back as far as he could, and then sprang to 
his keeper for protection. Tommy does not like confinement, and 
when he is shut up in his cage, the violence with which he pulls at 
and shakes the door is very great, and shows considerable strength ; 
but I have never seen him use this exertion against any other part 
of the cage, though his keeper has endeavoured to induce him to 
do so, in order to see whether he would nlake the distinction. Then 
he went to a window, opened it and looked out. I was afraid that 
he might make his escape, but tSie words ‘ Tommy, no ! ’ pro- 
nounced by the keeper in a mild but firm tone, caused him to shut 
the window and to come away. He is, in truth, a most docile and 
afiectionate animal, and it is impossible not to be taken with the 
expressive gestures and looks wUh which he courts your good 
opinion, and throws himself i^bn you forV-protection against 
annoyance.” ^ 

Whether these animals grow cros^^^and savage as they 
get old, after the manner of Monkeys genei^lly, is not 
knovvn, for no adults have been kept m captivitjfii we have, 
tiierefore, also no means of forming an^ opinion of the 
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degree of Intelligence which they are capable of displaying 
in their adult condition.* 

We labour under the same disadvantage in regard to 
the Gorilla, though Mr. Moore, the Curator of the Free 
Public Museum, Liverpool, has given us some interest- 
ing particulars concerning a young male, three feet high, 
and between twu and three years old, which was brought 
to that city by the German African Society’s Expedition.! 

“ Could it have graced,” says this observer, “ our Zoological 
Gardens, it would have been the lion of the day ; for in addition 
to the great scientific interest of the species, the abounding life, 
energy, and joyous spirits of this example would have made it 
a universal favourite. Courteously received at Eberle’s Alex- 
andra Hotel by the members of the Expedition, I found the 
creature romping and rolling in full liberty about the private 
drawing-room, now looking out of the window with all becom* 
ing gravity and sedateness, as though interested but not discon- 
certed by the busy multitude and novelty without, then bounding 
rapidly along on knuckles and^ feet to examine and poke fun at 

• The importance of Attention as one principal factor in the 
intelligence of animals is illustrated by the following interesting 
facts communicated to Darwin by Mr. Bartlett, of the Zoological 
Gardens: — “ A man who trains Monkeys to act used to purchase 
commofi kinds from the ‘Zoological Society, at the cost of five 
pounds each, but he offered to give double that price if he might 
keep three or four of them fo? a few days, in order to select one* 
When asked how he could possibly so soon learn whether a par- 
ticular Monkey would turn out a good actor, he answered that it 
fl-ll depended upon their power of attention. If, when he was 
talking and explaining anythiiig to a Monkey, its attention was 
easily distr^icted, £#by a fly on* wall or other trifling object, the 
case was hopeless. If he tried punishment to make an inattentive 
Monkey act, it turned F®ky. On the other hand, a Monkey which 
carefully attended to ijmi could always be trained.” The tendency 
to imitation which Apes and Monkeys often manifest in a high 
degree, douMless much facilitates their acquisition of new motor 

accomplishments. a 

t Quoted in CasselM Nat. Hist.” vol. i. p. 35. 
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some new comer, playfully mumbling at his calves, pulling at his 
beard (a special delight), clinging to his arms, examining his hat 
(not at all to its improvement), curiously inquisitive as to his 
umbrella, and so on with visitor after visitor. If he becomes over- 
excited by the fun, a gentle box on the ear would bring him to order, 
like a child, only to be on the romps again immediately. He points 
with the index-linger, claps with his hands, puts out his tongue, 
feeds on a mixed diet, decidedly prefers roast meats to boiled, eats 
strawberries, as I saw, with delicate appreciativenoss, is exquisitively 
clean and mannerly. The palms of his hands and feet are beauti- 
fully plump, soft, and black as jet. He has been eight months and 
a half in the possession of the Expedition.’* 

This animal was very shortly afterwards taken to 
Berlin, and a paragraph iu “ Nature,'* Nov. 9, 1876, gives 
some further interesting particulars concerning him, which 
were communicated by Dr. Hermes to the meeting of the 
^ German Association of Naturalists and Physicians/ 


“ He nods and claps his hands to visitors ; wakes up like a man, 
and stretches himself. His keeper ^must always be beside him, and 
eat with him.** They partake of the same food. He sleeps for 
eight hours. “His easy life has increased his weight in a few 
months from thirty-one to thirty-seven pounds. For some weeks 
he had inflammation of the lungs, when his old friend Dr. Falken- 
stein was fetched, who treated him with quinine and Ems water, 
which made him better. When Dr. Hermes left the Gorilla on the 
previous Sunday the latter showed the doctor his tongue, 
clapped his hands, and squeezed the hand of the doctor, as 
an indication, the latter believed, of his recovery. In fact the 
Gorilla is now one of the most popular inhabitants of the Prussian 
capital.’* In July, 1877, he paid a visit to London, and fully sus- 
tained the rejnitation he had alrei^y acquired.^ 

Speaking of an Oraiig which he had examined and 
watched, Buffon says : — 


“ Its air was melancholy, its deportment grave, its nature more 
gentle and very clilferent from other apes. Unlike tfi') baboon or 
the monkey, whose m( tions are violent ai^ appetiteS*" capricious, 
who are f.nid of laischief* and only obedie^ tlArough fear, a look 
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was sufficient to keep it in awe. I have seen it give its hand to show 
the company to the door, that came to see it, and it would walk 
gravely with them as if one of the society. I have seen it sit at 
table, unfold its napkin, wipe its lips, make use of the spoon and 
fork to carry the victuals to its mouth, pour out its drink into a 
glas^, touch glasses when invited, take a cup and saucer and lay 
them on the table, put in sugar, pour out its tea, leave it to cool 
before drinking, and all this without any other instigation than the 
signs or command of its master, and often of its own accord. It 
was gentle and inoffensive : it even approached strangers with 
respect, and came rather to receive caresses than to offer injuries : 
it ate of almost cver3"tliing that was offered to it, but it preferred 
dry and ripe fruit to all other aliments. It would drink wine, but 
in small quantities, and willingly left it for milk, or any other sweet 
liquor.” 

Again in regard to the high degree of Intelligence of 
the Orang, we have the following, on the best of testi- 
mony, from Leuret, who says*: — 

‘‘One of the Orangs, which recently died at the Menagerie 
of the Musoe, was accustoinccb when the dinner-hour had come, 
to open the door of the room Avliere he took his meals in 
com])any with several persons. As he was not sufficiently tall to 
reach as far as the key of the door, he hung on to a rope, balanced 
himself, and after a few oscillations very quickly reached the key. 
His kt^per, who was rather worried by so luiicli exactitude, one day 
took occasion to make three knots in the rojie, which, having thus 
been made too short, no long^' jiermitted the Oraiig-outan to seize 
the key. The animal, after an ineffectual attempt, recognizing the 
natnre of the obstacle which opposed his desire, climbed the 
vope, lilaced himself above the knotsy and iiuiied all three, in the 
presence of M. Gcoffroy Saiut-Hilaire, who related the fact to me. 
'fhe same ape wishmg to open a^oor, his kcei)er gave him a bunch 
of fifteen kdys; th^pe tried them in turn till he had found the one 
'vhich he wanted. An^ilier time a bar of iron was put into his 
hands, and he made u JT of it as a lever.^^ 

Unfortimately nothing is said as to the age of this 
animal, ^ose power of realizing tli^ nature of unfamiliar 

* “ AnH l^mp. du Syst. Nerv,” t. i. p. 540. 
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conditions, as well as of dealing with them in order to effect 
his own ends, can only he described as highly remarkable. 

The following paragraph seems, however, to refer to 
the emotional manifestations of an adult Chimpanzee.* 


“ From a study of a fine pair of Chimpanzees in the Philadelphia 
Zoological Garden, Mr. A. E. Brown has obtained several interest- 
ing evidences of a rather high degree of mental power in this 
species. One of the pair lately died, and the behaviour of the 
surviving one seemed to bear somewhat on the acquired nature ot 
the physical means by which our own strongly excited emotions 
find relief, as well as on the origin of those emotions themselves. 
Evidences of a certain degree of genuine grief were well marked. 
The animals had been great friends; they never quarrelled. On 
the first cry of fright from one, the other was instantly prepared 
to do battle in its behalf. It was early in a morning when the 
female died, and when the survivor found it impossible to arouse 
her his grief and rage were painful to witness .... The ordinary 
yell of rage at first set up finally changed to a cry, the like of which 
he had never been heard to utter before, and which would be most 
nearly represented by ‘ hah-ah-ah-ah-ah,’ uttered somewhat under 
the breath and with a plaintive sound like a moan. Crying thus, 
he would lift up her head and then her hands, only to let them fall 
again. After her body was removed he became more quiet; but, 


catching sight of it on its being carried past the cage, he became 
violent and cried for the rest of that day. The day following he 
sat still most of the time and moaned continuously ; this gradually 
passed away, the plaintive cry becaifie less frequent, but when he 
was angry it would bo heard at the close of the fits just as the 
sobbing of a child after a passionate fit of crying. It soon became 


apparent that his recollection of the nature of the past association 
was becoming less and less vivid ; |Still it was noticed that, while 
the two used to sleep together in Rie blanket the fl(ior, he now 
invariably slept on a cross beam at the top of the cage, returning 
to inherited habit, and probably showing ^at the apprehension of 
unseen dangers had been heightened by his &3nse of loneliness. A 


high degree of permanence in grief of this nature in i 
belongs only to man.” 


probability 


* The Timesy April 19, 18f 9. 
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About the middle of the last century the celebrated David 
Hartley wrote* : — It is remarkable that Apes, whose 
bodies resemble the human body more than those of any 
other brute creature, and whose intellects also approach 
nearer to ours — which last circumstance may, I suppose, 
have some connection with the first — should likewise 
resemble us so much in the faculty of imitation. Their 
aptness in handling is plainly the result of the shape and 
make of their fore-legs and their intellects together, as 
in us. Their peculiar chattering may perhaps be some 
attempt towards speech, to which they cannot attain, 
partly from the defect in the organs ; partly, and that 
chiefly, from the narrowness of their memories, appre- 
hensions, and associations.'* 

If the anthropoid Apes, possessing as they do such a 
well defined basis of Intelligence and Emotion, were 
endowed with Articulate Speech, so that they might 
benefit and mutually instruct one another — even merely 
by oral traditions and communications — how great a pro- 
gress in the degree and I’ango of their Intelligence might 
be expected after a few hundred generations had lived 
undeiv the influence of, such conditions. 

• “ Observations on^Ian,*’ 6th Ed,, 1834, p. 165. 



CHAPTER XIX. 


DEVELOPMENT OF THE HUMAN BJIAIN DURING UTERINE LIFE. 

In the long axis of the clear ‘germinal area’ of the human 
impregnated Ovum, there appears an opaque line of young 
tissue known as the ‘ chorda dorsalis.’ 

Above this, and along its entire extent, a shallow 
‘ primitive groove ’ is found, which soon becomes bounded 
on each side by an up-growing lamina of new embryonic 
tissue. These larnime gradually approach one another, 
and ultimately unite over the before-mentioned ‘ primitive 
groove’ so as to form a distinct tube closed at each end. 

The internal layer of this tube grows in thickness so 
that its bore becomes gradually narrower. It soon differ- 
entiates also into two distinct textures. The most internal 
of these, viz., that immediately surrounding the diminished 
central canal, is composed of embr}^)nic nerve tissue, and 
is destined to develop into the Cerebro- Spinal Axis. 

The diameter of this hollow, rudimentary nervous axis 
is not uniform throughout its whole extent. Even before 
the laminae completely close over the ‘ primitive groove,’ 
the anterior extremity of the embryo tube swells into 
three dilatations immediately xontiguous%) one *anotlicr ; 
and it is from the nerve tissue in thcfr^ swellings, together 
with that of certain important outgrowths therefrom, that 
the several parts of the Human Brain are developed. 
From the p()rtion of the tube behind the thre^^wellings 
the Spinal Cord is formed. V , 
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The mode of origin of, as well as the early changes 
taking place in, these three nervous vesicles are essentially 
similar, up to certain stages, throughout the Vertebrata. 
From such a basis, common to all, the several types of 
Vertebrate Brain arc developed. Our attention must, how- 
ever, now be confined to tracing in brief outline the mode 
in which the brain of Man gradually develops from the 
simple stages common to it and the Vertebrata generally. 

In order that the reader’s attention may be more effectively 
concentrated upon the subsequent changes undergone by the three 
swellings of the primary nerve tube, it may be well here to anticipate 
a little, and state what are the several parts of the Brain which 
gradually develop from them or their derivatives. 

The Fosterior Swelling (or Hind-brain) becomes divided into two 
regions, of which the hinderrnost corresponds with what subse- 
quently develops into the posterior half of the Mednlltt, and here 
in the situation of the Fourth Yentricle the upper wall of the tube 
becomes thinned away till all nervous matter disappears, and only 
a mere membrane remains (‘ pia mater’) to roof over the space 
above mentioned, which is continuous with the central canal of the 
tube behind it. The anterior region of this swelling corresponds 
with the anterior half of the Medulla. From the back or sides of it 
there grows a distinct segment of the future brain, viz., the CVre- 
hellum (fig. T22, c h), Jluch later on, when the lateral lobes of 
the Cerebellum have made their appearance, this region of the 
Medulla is crossed below by Pons VarolU (p). 

The Middle Swelling (or Mid-brain) affords the matrix from 
the upper part of which develops the Optic Lobes or Corpora 
Qnodrigemina (fig. 122, q). From the lower part are differentiated 
prolongations from the fibrous ‘columns* of the Cord and Medulla, 
known as the Gcr^ral Fcdanc^ (r). The cavity within this swell- 
ing gradually diminishes till in Man it persists only as a narrow 
passage (b) between tl/# cavities of the Hind and of the Fore-brain 
(the Fourth and Thiji Ventricles) (a c). This passage is known 
as the * Sylvian aqueMticf.* 

The AiMrior Swelling (or Fore-brain) undergoes remarkable 
inodificat^s, principally on account of certain extraordinary out- 
growths to which i^ives rise. From the sides of this swelling 
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are developed other portions of the Cerebral "Peduncles and also 
the Tlialami which rest upon and grow as ganglionic thickenings 
from the latter structures. Its diminished cavity persists as the 
future Third Ventricle (a). Its roof becomes gradually thinned 



Pio. 122.— Diagrams illustrating tho Progressive Changes that fcike place during 
the Early Stages of the Development of tho Drain. (Mivart.) 

1. Early condition of Brain when it con.sist.s of three hollow vesicles (a h r), the 
cavity of which is continuous with tho wide cavity (d) of tho primitive Spinal 
Cord (m). 

2. Hero the first vesicle or Fore-brain has develo^iod tho Pineal Body (pi) above, 

and the Pituitary Body (pi) below. The wall at tho anterior end of the first vesicle 
is tho future Mamina terminalis ’ (t). t 

8. This figure shows the Cerebrum (c r) budding from the first vesicle, its anterio’* 
part (o) being prolonged as tho Olfactory Jjobo ; tho cavity of the Cerebrum (the 
incipient ‘lateral ventricle’) communicating with that of the Olfactory Lobe in 
front, and with that of the first Cerebral Vesicle behind (this latter cavity persisting 
as the future ‘ third ventricle '). The latter communication takes place through tho 
‘foramen of Monro.’ Tho walls of tho tlnwc primitive vesicles are becoming 
uiMjqual thickness, and the cavity (b) of thowaiddle vesicle 1^.becomii|g reduced in 
relative size. 

4. Tho Cerebrum is here enlarged, and tho inequaM'^y in thickness of the wall of 
the primitive vesicles is increased. The greater dcvolopkient of the Cerebellum (c l*)t 
tho Pons (p), and the Corpora Quadrigemina (q), show rarls distinctly. 

5. Tills figure shows the Cerebrum still more enlarged, and containing a tri-radiate 
cavity (I, 1, 2, 3). The part destined to form tho Fornix (/), whiAv in No. 4 was 
above, has jj(.iw c •i?ie to look slightly downwards, and prolongations filLV i^ begin to 
oxtoiid towards tho ‘ corpora albicantia’ («i a), v, coiTck^onds with tw situation of 
tho ‘velum interpositur 
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away till mere membrane is left — the * velum interpositum ; * at the 
posterior and npj)er margin of this ventricle the Pineal body (pi) 
ai>pears, while its floor is prolonged into the infundihulum, which 
subsequently comes into connection with the Pituitary body (p t). 

But at a very early period, and before the above described parts 
are distinguishable, an outgrowth (cr) buds on each side from the 
Anterior Swelling. These outgrowths, which are at first directed 
downwards and forwards, are hollow, and each communicates with 
the Third Ventricle through an aperture known as the ‘foramen 
of Munro.* Subsequently these outgrowths undergo an enormous 
development and constitute the two Cerebral Hemispheres, while 
their contained cavities persist as the ‘ Lateral Ventricles,^ and the 
Corpora Striata develop within them. From each embryo Hemi- 
sphere another hollow bud-like outgrowth develops anteriorly, and 
these (o) constitute the Olfactory Lobes and their peduncles. 

From the point of view of its developmental history, therefore, 
the entire brain is ca])able of division into three principal parts : — 
(1.) The Fore-brain, consisting of the Olfactory Lobes, the Cere- 
bral Hemispheres, and the parts surrounding the Third Ventricle; 
(2.) the Mid-brain, consisting of the Corpora Quadrigernina, and 
the Crura Cerebri; (3.) the Hind-Brain, consisting of the Cere- 
bellum, the Pons Varolii, and the Medulla oblongata. Of these 
principal parts, the Fore-brain jidmits of subdivision into three dis- 
tinct segments, (cr,) Olfactory, (6) Hemispherial, and (c) Thalamary ; 
and the Hind-brain into two segments, (a) Cerebellar, (b) Oblongate. 
The Mid-brain needs no further subdivision. This classification, 
given some years ago by Huxley, has the merit of simplicity when 
compared with other rdther cumbrous nomenclatures now in 
vogue.* 

In fig. 122 the beginnings'^f these six principal brain segments 
are pretty plainly indicated by the parts to which the following 
letters of reference are attached : — o, cr, a, b, c, m. 

After this preliminary statement, a more detailed 
account ipay nc^ be given the changes undergone by 
the primitive nerve tube with its cephalic swellings, with 
the view of giving^he reader some notions as to the 
order and times cm occurre*ice of the several changes. 

* See GeJInbauer’s “Elements of Coaipar. Anat.” (Eiif?!. Trans.) 
p. 503. 
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At a very early stage of development, believed by Tiede- 
mann to be about the 7th week, the primitive nervous 
axis or tube undergoes a scries of bendings (fig. 123, a). 



Pio. 123.— Sketches of the early form of the parts of the Cerebro-spinal Axis in 
the Human Embryo. (Sharpoy, after Tiedemanu.) 

A, at the seventh week, lateral vicw;«l, spinal cord; 2, medulla oblongata; 
3, cerebellum ; 4, mesencephalon ; 5, 0, 7, ccrebruin. 

B, at the ninth week, posterior view. 1, medulla oblongata ; 2, cerebellum ; 

3, mcseneepludon ; 4, 5, thalaini optici and cerebral hemispheres. 

C and T), lateral and j^osterior views of the brain of the human embryo as it 
appears at the twelfth week of intra-nterinc life. «, ccrebriiin ; b, corpora quadri- 
gemina ; c, cerebellum ; d, medulla oblongata : the thalami are now covered by the 
enlarged hcmisijhores. ' 

E, posterior view of the same brain, dissected to show the deeper parts. 1, me- 
dulla oblongata ; 2, cerebellum ; 3, corpora qimdrigcmina ; 4, thtilami optici ; 5, the 
hemisphere turned aside ; d, the corpus striatum embedded in the hemisphere ; 
7, the commencement of the corpus callosum. 

F, the inner side of the right half of the same brain separated by a vertical 
median section, showing the central or ventricular cavity. 1, 2, the spinal cord 
and medulla oblongata, still hollow ; .3, bend at which the pons Varolii is formed , 

4, cerebellum ; 5, lamina (superior cerebellar peduncles) passing up to the coipom 
quadrigemina ; 6, crura cerebri ; 7, corixSa quadrigemiiHl^ still hollow ; 8, third 
ventricle ; 9, infundibulum ; 10, thalamus, now solid ; 11, optic nerv!?; 12, aperture 
leading into the lateral ventricle ; 13, commencing ccwfais callosum. 

The ‘ posterior swelling ’ become^bent upon itself so 
that its two regions (2, 3) are nearly at a ri|ftt angle ; 
while theneo onwards the parts form a curve 
is directed forwrvds and downwards. , 
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This bent tube gradually undergoes various modifica- 
tions, due to the progressive thinning away of its walls 
in certain places, and to local thickenings (owing to the 
growth and development of new nerve matter) in other 
parts. These latter regions of increased thickness corre- 
spond with future ganglionic centres, which gradually, in 
the regions already indicated, develop into the Cerebellum, 
Pons Varolii, Corpora Quadri- 
gemina. Crura Cerebri, Thalami, 
and Cerebral Hemispheres with 
their enclosed Corpora Striata and 
^ various commissures.’ 

Prom the 7-9th weeks, the 
‘ middle swelling ’ or vesicle (Me- 



sencephalon), representing the fu- 
ture Corpora Quadrigemina, is the 


Fig. 124.— Vortical section of 
the Brain of a Human Kmbryo 
of Fourteen Weeks, magnified 


most prominent segment of the 
brain. The Cerebellum e^en at 


three diameters. (Sharpey, after 
llciehcrt.) c, Cerebral Hemi- 
sphere ; c c, corpus callosum be- 


the latter date is represented only 

by a thin lamella stretching across third ventricle and the ‘pineal 

ii 1 1 i. n body’; t A, thalamus opticus ; 3, 

the back of the upper part of the third ventricle; i. olfactory 


Medulla, while the future Cerebral I'ulh; C 7. corpora quadrigemina; 

^ , cr, crura cerebri, and above 

xlemispheres exist as mere oblong them the ‘aqueduct of syivius’ 


arnpullm (fig. 122, 3) projecting 
downward and forwards from the 


still wide ; c', cerebellum, and 
below it the fourth ventricle ; 
pv, i)ons Varolii; vi, modidla 


original ‘ anterior swelling.’ From 

the under part of this same swelling (Thalamencephalon), 
projects the ‘ in^dibulumA which either at this time 
or a little* later^ecomes connected with the Pituitary 
Body — a structure wiose real nature and origin are still 
involved in much /bscurity. From about the eighth 


^oek also Thalamencephalon is so thinned away above 
(fig. 122, m that the ' third ventricle ’ becomes covered 
by memhran^the ‘velum interpositum.* At the 
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upper and posterior margin of this ventricle the ' Pineal 
body’ soon appears, and also its ‘peduncles ’ which extend 
forwards on each side. 

By the 12th week of intrauterine 
life, the configuration of the Brain has 
undergone a very marked change ; first 
by reason of the increased size of the 
Cerebellum, {fig. 123, C', c) which is now 
thicker and marked by a median longi- 
tudinal furrow^ though otherwise smooth 
on its surface; and, secondly, by the still 
more striking development of the Cere- 
bral Hemispheres (C, a), which have 
already grown so much backwards as com- 
pletely to overlap the ‘ third ventricle ’ 
(fig. 123, F, 8). On the under surface of 
each Hemisphere an Olfactory Lobe is 
now very distinct, as a hollow bud-like 
outgrowth, the cavity of which is con- 
tinuous with that of the Hemisphere 
from which it projects. 

The ‘ lateral ventricles ’ themselves 

Fig. 125 .— Brain and • . *.1 .1 'j. , 

Spinal Cord of a Foetus of are, morcover, continuous with the cavity 

Four Month., scon from Thalamencephalou, or ‘ third ven- 

behind. (Sharpey, after ^ 1 • 1 f 

Koilikcr.) h, iiemi- tricle,’ by an opening on each side ot 
anterior extremity, known by the 
mina; c. Cerebellum ; name of thc ‘ foramcn of Munro.’ Near 

mo, medulla oblongata, ,,, . , i 

the fourth ventricle be- tliis openinfrE transvG^e band begins to 

(^c^oblumT^xt the (abovG End in front), which 

vicai and lumbkr swell- coiinccts the two viemispliercs and is 
ings of the Bjiinai cord, corrcRwnd with tlic Com- 

mencement of the great transverse cornmissurei|the Corpus 
CailoBum, and peihaps also with thjB Anteric^: Commis- 
sure* The walls of the Cerebral lS^mif>phere8 are very 
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thin and bag-like at this stage, so that each encloses a 
very large ‘ lateral ventricle,’ within which a rudimentary 
Corpus Striatum is to be seen, in the form of a thick- 
ening of its under and outer wall. Thus it is that these 
bodies come to occupy their w’ell-known position anterior 
to and a little outside the Thalami. 

During this same period the ^middle swelling’ or 
Mesencephalon has not ^own at all proportionately, so 
that it now has a much smaller relative size (fig. 124, c q). 
It is, however, marked . 

by the appearance of a \ 

slight longitudinal fur- \ o 

row, and its hinder bor- ^ \ ^ -p 

der touches the Cere- \ 

helium (c'). Its upper i 

walls are comparatively n rrr'^^^Kjp ^iH^ J 
thin, forming the roof of 

a proportionately large • ^ ^ 

cavity, situated between 120. -Brain of unman Fmtiis, of Fourth 

, 1.1 • 1 1 ir i .1 Month, magnified about two diameters. (Owen.) 

the third and fourth ven- view, with cerebrum (P) tilted upwards and 

tricles, thouffll the cavity ^ -meover the con»r.. quadrige 

subs(jquently diminishf s 

so as to form a mere passage betw^een these ventricles. 

The relatively large Medulla still preserves its primitive 
bond. Its upper half is bridged over by the Cerebellum, 
while at the back of its lower half is the widely open 
‘ fourth ventricle,’ the lower part of which is continuous 
with the centriy^ canal ofithe remaining portion of the 
primitive tube now developing into the Spinal Cord. 

By the end of |ke 4th month the principal addi- 
tional changes whjSh have been noted are these. The 
Cerebral MemispHeres become still larger and tend more 
and mow to eclip^ other parts. They already stretch 
back over the^fu^re Corpora Quadrigemina (fig. 126). 
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A rudimentary ‘ fissure of Sylvius * is to be seen on. the 
outer surface of each, and from this wide and deep sulcus 
a number of shallow fissures have been described by 
Gratiolet and others (corresponding with internal promi- 
nences on the walls of the lateral ventricles). These 
appearances are believed by some to be artificial; but 
whether artificial or natural, all are agreed that they dis- 
appear after a time, as the walls of the ‘ lateral ventricles ’ 
become thicker. Then it is that the permanent ^fissures’ 
and * convolutions* begin to be developed on the external 
surface of the Cerebral Hemispheres. 

At this period, too, the Corpora Striata are distinctly 



Fio. 127.— Brain of Turtle [Chelone), side view, for comiwiriMon witli last fig-uro, 
(Owen.) C, Cerebellum ; O, optic lobes ; P, Cerebrum ; R, olfactory lobes. 

larger, and not far from their anterior extremities a short 
and nearly vertical Corpus Callosum is recognizable (not 
very different from that whiclri exists in Marsupials). 
The Anterior Commissure is slender but distinct. The 
Middle or Soft Commissure exists in the form of a 
large rounded projection from the inner face of each 
Thalamus, though the two pr(|!ninences l|[j.ve not yet come 
into contact with one another, so as to form an actual 
Commissure. t 

The cavity within the Optic Lobewis even larger than 
it was at an earlier date. The lateral\obes ofethe Cere- 
bellum have developed notably, whilst they ar^pparated 
from one another (fig. 126, c) by a n^’odiun depression- - 
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indicative of the almost complete absence at this period^ of 
the Median Lobe. 

On examining the base of the brain, the Medulla is 
found to be large. The ‘ anterior pyramids,’ and the rudi- 
ments of the ‘ olivary bodies ’ outside them, are quite 
distinctly recognizable. A thin band, marked by a median 
furrow, is to be seen stretching across between the lateral 
lobes of the Cerebellum. -This is the first trace of the 


‘ pons Varolii.’ In front of it are the Cerebral Peduncles ; 
between these latter are the * corpus albicans ’ and the 
‘tuber cincreum,’ and in 
front of this last lies 
the ‘ commissure ’ of the 
Optic Nerves. All the 
other cerebral nerves are 
distinctly recognizable, 
though they are ex- 
tremely slender at this 
period. 

After this epoch the 128 .— The 0\iter surface of the Foetal 

•j . 1 1 1 1 • Six Montht. (Sharpey, after R. Warmer.) 

Uevelopment 01 the brain This and the next figures are intended to show 



goes on, according to 

® • principal fissures. F, Frontal lobe ; P, parietal ; 

Oratiolet, with most sur- o, occipital ; T, temporal ; a a a, slight appear- 

ance of the several frontal convolutions ; s.s, the 

P mg rapidity. 13y the fissure ; its anterior division ; at the 


end. of the 5th month of it, C, the central lobe or island of Reil ; 

• ^ fissure of Rolando ; p, the external perpen- 

growth of tho Cere- dicular fissure. 


hral Hemispheres has 

l^een so ^reat ^pat they c<|nplctely cover not only the 
Coi-pora Quadrigemina but also the now larger Cerebellum. 
The ‘ fissure of SylvAs ’ is wide and open (fig. 128), so as 
to leave uncovered iftie central lobe or ‘ island of Reil.’ 


The beginiMng of tip ‘ fissure of Rolando ’ is, at this period, 
fiometimeJrecognizable, while the rudiments of convolutions 
are to be traced upoi^he frontal lobes and other parts. The 
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walls of the Hemispheres and also of the Optic Lobes 
have acquired a much greater thickness and the principal 
‘ commissures ’ have in great part assumed their typical 
condition. This is the case more especially with the 
Corpus Callosum and the Fornix, between which the 
‘ fifth ventricle * has begun to appear. The two halves 
of the Middle Commissure have also grown together. 



Fig. 120.— The upper surface of the 
I'Vwtal Brain at Six Months. (Shai-pcy, 


During the same period the 
Cerebellum has undergone 
important changes. From the 
end of the fourth month the 
development of its ‘ lateral 
lobes ’ takes place at a slower 
rate, and the previously absent 
‘ median lobe ' not only begins 
to appear but also becomes 
marked on the surface by 
tlp'ee or four transverse folds. 
The ‘ lateral lobes ’ are still 
perfectly smooth — though by 
the end of the sixth inontli 


after B. Waguer.) Letters of rofereneo they alsO liaVO acquired Ull- 
a3 in last figure. * . n ^ 

merous transverse fissures. 


The pons Varolii, as alread;^ intimated, undergoes a 
development correlative with that of the lateral lobes of 
the Cerebellum. 

In the remaining important section of intrauterine life, 
from the 6th to the end of ^e 9th m^th, the develop- 
mental changes in the Cerebrum are much moVe marked 
than they are in the Cerebellum. Tht walls of the Cerebral 
Hemispheres become thicker, and thAe is a proportionate 
diminution in the capacity of the ‘ la^al venkdcles,* the 
three ‘ horns ’ of which now become quite dis^ uct. The 
Corpus Callosum assumes a more ly^ms^ontal ‘weetion, 
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whilst it increases both in thickness and in length. It 
reaches back as far as the Optic Lobes, which are now 
marked by a transverse furrow, and thus appear as true 
‘ Corpora Quadrigemina.’ The Occipital Lobes of the 
brain become more developed. The general outline of the 
Hemispheres 


seen from above 
is that of an 
elongated oval. 

During the 
sixth month a 
surprising devel- 
opment of the 
k'issures and 
Convolutions 
takes place, so 
that early in the 
seventh month 
all the principal 



Frn. 130.— View of the inner surface of the Right Half of 
the Foetal Brairi of about Six Months. (Sharpoy, after Rei- 
chert.) P, Frontal lobe ; P, parietal ; O, occipitfJ : T, teni- 
poral ; I, olfactory bulb ; 1 1, right optic nerve ; /p, calloso- 


of them are dis- “larghial fissure; p, pcrpendicxilar fissure; p', internal per- 


tinctly traceable. 


pendicular fis.sure ; A, calcarine fissure ; ffp, gyrus fornicatus ; 
c c, corpus callosum ; s, septum lucidum ; f, placed between 


Those which middle commissure and the foramen of Monro ; v, in the 
, # upper part of the third ventricle, immediately below tlie 

manifest them- velum interpositum and fornix ; y', in tho back part of the 


selves first on 
the external sur- 
face are the ‘ fis- 


third ventricle below the pineal gland, and before tho enti-ance 
to tlie ‘ aqueduct of Sylvius ; ’ o'\ in tho lower part of the 
third ventricle above the infuixdibulum ; r, processus pinoalis 
passing backwards from the tola choroidca ; p v, pons Varolii ; 
Ce, Ccrobellum. 


sure of Sylvius’ 

and the ‘ fissure EoIando.^| Tho latter is scarcely distinct 
till the end of the sixth month, but rather before this 
period, according to dicker, two other Fissures appear on 
the inner aspect owthe Hemispheres, viz., the* internal 
perpendicT^r ’ (fig^SO, marking the anterior boundary 
of the OiMpital Lobe and tho * calcar ne fissure ’ which it 
Jueets berow. Th^/^atter is generally regarded as a pos- 
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terior extension of the ‘ fissure of the Hippocampus/ which 
appears about the same time, and is a marking constantly 
present, even in lower Vertebrates, on the inner side of 
the brain. Gratiolet indeed believes that this latter fissure 
is the first to appear on the inner side of the hemisphere. 
Rather later the ‘ parallel fissure * of the Temporal Lobe 
becomes distinguishable, and, as above stated, by the 
beginning of the seventh month, the other principal fis- 
sures of the brain have made their appearance. 

Probably Ecker is correct in his view that the precise 
time at which the principal ' fissures * appear, as well as their 
exact order of appearance, is subject to some variation in 
diflerent individuals. Both he and Huxley consider there 
is no evidence to show that the fissures of the brain of a 
Chimpanzee or of an Orang do not appear in essentially 
the same order as those of the Human Infant, notwith- 
standing the opinion expressed by Gratiolet to the effect 
that there are certain slight djffercnces. 

At the time of birth the development of the convolutions 
is so complete in the Human Infant that they differ from 
those of the adult, only by presenting a little less of com- 
plication in regard to minor details. 

During the attainment of this degree of convolutional 
complexity, however, some imjportant changes have been 
taking place in the relative development of the different 
* Lobes ’ of the brain. At the seventh month the Parietal 
Lobe is notably small,* and apparently as a consequence 
of this the ‘ fissure of Rolaj^o * is bc^ nearly at right 
angles, just as it is in the brains of the adult^Orang and 
to a less extent in that of the Chimtanzee. At this same 
period the Frontal Lobe is largeAjand so also is the 
Temporal Lobe, though its convolifcons are still very 
imperfectly marked out. The length* of thl|;]^Temporal 

• See Gratiokt’s “ Anat. Comp, du Sysft|^eiv.,’V Pl?^xxii fig* 1* 
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Lobo and tlie extent of the posterior prolongation of the 
* fissure of Sylvius * are also notable features of the foetal 
brain. We have already had to refer to these charac- 
teristics in the brains of many of the Quadrumana, and 
we shall have occasion again to speak of the same pecu- 
liarities as existing among fully developed Human Brains 
of a low type. 

At the period of birth ^ with the fuller development of 
the Parietal Lobe, the fissure of Rolando is much less 
bent. The outline of the Brain seen from above is still 
that of an elongated oval, though it is one which is dis- 
tinctly fuller in the frontal as well as in the parietal region 
than that of the seventh month fmtus represented by 
Gratiolet — the outline of which agrees almost exactly with 
the outline of the brain of the adult Bushwoman given by 
Marshall (fig. 135). 

According to S. Van dor Kolk and Vrolik it appears 
that in their relative proportions the lobes of the Brain in 
a new-born Child, hold just the mean between those of a 
Chimpanzee and of an adult Man. In the adult Orang, 
however, the same proportion obtains between its different 
lobes and those of the new-born Child — so that in this 
respect, as in several others, the brain of the Orang seems 
ratlier more higlily cvolvejl than that of the Chimpanzee. 

The Cerebellum in the new-born Child is comparatively 
small. Its proportionate weight compared with that of 
the Cerebrum at the same period, is lower than in cither 
of the great anthropoid Aj^s. This, however, is due not 
to any dftninution in the development of the Cerebellum, 
but rather to the frft that in Man the amount of increase 
in the size of the^fcerebrurp is .much more considerable 
than in that of tl^ Cerebellum, and because this greater 
increasa||B already, at the time of birth, more manifest in 
the Ce|R)rum,th|t in the Cerebellum. This fact was 
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also established by the above-mentioned Dutch Ana- 
tomists, since they found that the weight of the Cere- 
brum in the new-born infant was to its weight in the 
adult as 96:157 ; while the weight of the Cerebellum in 
the new-born infant was to its weight in the adult only 
as 22 : 50. 

The actual ratio of the weight of the Cerebellum to 
that of the Cerebrum in the new-born infant was found 
by Chaussior to vary from 1 : 18 to 1 : 26 ; and by Cruvel- 
hier it was ascertained to be 1 : 20. On the other hand, 
according to Sharpey, the ratio of the weight of the Cere- 
bellum to that of the Cerebrum in the adult male is 1 : 8y, 
and in the adult female, 1 : 

From these figures it maybe seen how very considerably 
the development of the Cerebellum lags behind that of the 
Cerebrum in the Human Infant at the time of birth. 

In regard to the microscopical characters of the foetal 
brain one brief but important, statement deserves to be 
recorded. 

According to Lockhart Clarke*; — In the early foetal 
brain of Mammalia and Man the structure [of the cere- 
bral convolutions] consists of one uninterrupted nucleated 
network. As development advances* separate layers may 
be distinguished.’’ But even ^ these layers there are 
only to be recognized ‘‘ roundish nuclei connected by a 
network of fibres,” or, in other parts, groups of more 
elongated nuclei, in place of the distinct but differently 
shaped Nerve Cells with inter-c^necting j^ocesses, which, 
in a later chapter, will be described as the prevailing and 
characteristic constituents of the Cere|,'ral Convolutions in 
their developed condition. 


* of Researches on the Tntimal 

Brain,” i^roored, of Royal Socioty, 1803, p. 


Struett;?? 0^ 



CHAPTER XX. 


THE SIZE AND WEIGHT OP THE HUMAN BRAIN. 

The sizo and weight of the Human Brain are capable of 
being estimated in two ways, the one of which may be 
termed ‘ direct,’ and the other ‘ indirect.’ 

We may, of course, measure and weigh the organ when 
it is accessible, and an enormous amount of labour has 
been expended in this direction — especially by British 
observers — upon individuals of different ages, sexes, and 
conditions. 

But when of the representatives of ancient peoples, of . 
foreign nations, or of savage tribes, all that the anatomist 
possesses are mere brain- cases or skulls, he must, if he 
would acquire definite notions as to the size and weight 
of the organs which they previously contained, adopt some 
uniform and carefully worked-out method for ascertain- 
ing their exact cubical «!apacity. From the figures for 
‘ cranial capacity ’ thus ascertained, the probable corre- 
sponding Brain-weight will, when certain other data are 
known, be deduciblo with a fair amount of exactness. 

This letter ‘Jfcdirect ’ n^thod of procedure is warrant- 
able and capable of^iving trustworthy results, because in 
health the human ^in invariably fills the skull to which 
it belongs, except Jor the intervention of some thin mem- 
branousj|avelopeijmith vessels and blood-spaces — for which 
definiteylowanc^gmay ultimately bt made. Much work, 
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however, still remains to be done before the amount of these 
allowances or their range of variation for persons of different 
ages, sexes, and races can be accurately determined ; and 
the same may be said in reference to differences in the size 
of the ‘ lateral ventricles,’ since either excess or defect of 
the usual space thus appropriated may also occasionally 
intervene as a disturbing condition, tending to vitiate an 
‘ indirect ’ estimation of Braui-weight. Though it is 
true, therefore, that certain relations ought always to 
obtain between ‘ cranial capacities ’ and Brain- weights, 

these cannot be said to 
have been yet deter- 
mined except in a mere 
preliminary and tenta- 
tive manner. According 
to the general rule laid 
down by Dr. Barnard 
Davis a deduction of 
^ about 15 per cent, from 
the capacity of the Cra- 

PiQ 131.— One side of tho Skull removed, show- nium giveS the ‘capacity* 
ing tho Dtira Mater with its vessels enveloping /• j -i t> • 1 r 

the Brain. (After Hirschfeld and L6veillA) a, tlie Drain, an Cl trom 

Commencement of the great longitudinal Venous -^Qiirylit may be 

Sinus, which is continued backward towards h. ^ ^ 

Close to this is situated the meeting-point ^ dcduCCd by CalculatioU. 
several Venous Sinuses. ‘indirect* 

and the ‘direct* methods are of great utility, and either 



may be had recourse to by the experienced investigator 
according as Skulls or Brai|^ present^themselves for 
examination. Each method offers certain advantages, but 


on the whole it may be said that ii^^rains were always 
accessible, we should probably hear lefes on the subject of 
‘cranial cay^acities.’ The ‘indirect* rb^thod seems well 

* See the Weight of the Brain inijho DiffereMlBaces of 

Man,” FUloe, Trans,, 1868, pp. 506 and 526^ • 
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calculated to afford race-averages, or prevailing-weights, 
where a sufficient number of skulls are carefully measured 
by a method likely to give uniform and correct results. 

It must never be forgotten, however, that the size of 
the Skull, and with it the weight of the Brain, varies 
within certain limits according to the stature of the 
individual, in such a way that increments of increasing 
stature are accompanied bydnerements of increased Brain- 
weight, though the extent of the latter increments goes 
on diminishing as the stature increases. This statement 
rests on the authority of Marshall,* who has also calculated 
from the colossal tables 
(together with private 
notes) supplied by Boyd, 
that for English people, 
with a mean range in 
stature of 7 inches for 
males, the correspond- 
ing variation in Brain- 
weight is 2‘75 oz., and 
that for females, with a 
mean range in stature 
of b inches, the varia- 
tion is only 1*25 OZ. In Fi«. 132 .— miman cerebrum and Cerebollum, 

, . filio^ng th<5 relative size of these parts of the 

comparing the brain- liraiu. (After Uirsclifeld and Lcvcill<5.) 

Weights of individuals 

of different stature, therefore, with the view of tracing the 
influence of oth^ condition^ over the w^eight of the organ, 
it must always be borne in mind that difference in stature 
itself is a potent carfe of difference in brain-weight which 
ought to be allowedjfor in the first instance. 

It ma^be vveiy^o state here, in general terms, that 
rather lA than *-th of a total Brain-weight will, for 

Proceed, jiff Roy. Soc.,” 1875, vol. xxiii. p. 664. 
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males, be the proportion of such total corresponding with 
the weight of the Cerebellum. For females, however, the 
relative weight of the Cerebellum is rather greater (1 : 8-^), 
on account of the existence in them of a greater propor- 
tionate diminution in the size of the Cerebrum. 

Cranial Capacities. 

The average * cranial capacity ’ for any race can only 
be ascertained by the examination of a large series ot‘ 
corresponding skulls, assorted according to Sex. The 
importance of the latter point is great, because, as Flower 
points out, difference in Sex, in its influence over capacity 
of skull, is often decidedly greater than difference of 
Eace. 

The methods of estimating the 'cranial capacity’ 
have varied so much at different times, and as adopted 
by different investigators, as to make it often both 
diflScult and unsafe to compS,re their results with one 
another. 

It is most important that an international method 
should be agreed upon, and universally adopted by workers 
in different countries. We may then, after a time, get 
results strictly comparable ivith one another.* 

Vogtt gives a tabic of cranial capacities by different 
observers, the most interesting items of which have been 
derived from the researches of Broca upon large numbers 
of skulls obtained from certain Parisian churchyards, the 
remains of which for differentl^easons hjft to be^isturbed. 
He says : — . 

* See Flower ia “ Brit. Med. Joiim.,’^^pril 12, 1879, p- 
also a paper by the same author on “ Ik^^hods and Results of 
Measurerneut of Capacity of Crania,” in of AsdOc, for 
1878. ' 

t ” Lectures ou Man ” (Anthrop. Soc.), p^»8. < 
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“ Broca availed liimself of the rare opportunity of examining 
a number of skulls which were found in Paris, on laying the 
foundation of the new Trihunal de Commerae, in a vault, at a 
depth of three metres, at a spot which was already covered with 
houses at the time of Philip Augustus. The crania must, there- 
fore, at the latest, date from the twelfth century, many of them 
possibly from the Carlovingian period. They certainly belonged 
to individuals of the higher ranks, as they were found in closed 
vaults.** 

The average capacity of 115 of these twelfth-century 
skulls was found to be 1425’98 cubic centimetres. 

Another series of skulls was obtained from the Cime- 
tiero de TOiiest, which was used as a cemetery from 
17BB to 1824. Of these, which may be called skulls 
of the nineteenth century, as many as 125 were ex- 
amined, and they yielded an average capacity of 1461*53 
centimetres. 

It is not without interest, therefore, to find that in the 
course of seven centuries ,of progressive civilization the 
average Parisian skull seems to have distinctly increased 
in capacity. 

It is, moreover, a remarkable fact, as Vogt points out, 
‘‘ tlyit the difierence between the sexes as regards the 
cranial capacity incre*ascs with the development of the 
race, so that the male Ejiropean excels much more the 
female than the Negro the Negress.” 

Le Bon also has quite recently stated* that the differ- 
ence existing between the average capacity of the skulls 
of male and f^ale mode-ji Parisians is almost double 
that whi(3i obtains between the skulls of male and female 
inhabitants of anciejit Egypt. 

This again is to Je regarded as interesting evidence of 

* “ ConA. Rend.p July 8, lf.7S, p. 80. Since this chapter has 

been in Ue hands ^the printer a ]cng» r paper has appeared, by 
he Bon* the E^uWd'Anthropolujie^ January, 1879. 
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tho effects of civilization in leading to an increased 
development of the Brain, for, as Vogt remarks, — 

“ The lower tho state of culture, the more similar are the occu- 
pations of tho two sexes. Among the Australians, the Bushmen, 
and other low races, possessing no fixed habitations, the wife par- 
takes of all her husband’s toils, and has, in addition, the care of 
the progeny. Tho sphere of occupation is the same for both sexes; 
whilst among the civilised nations there is a division both in 
physical and mental labour. If it be true that every organ is 
strengthened by exercise, increasing in size and weight, it must 
equally apply to the brain, which must become more developed 
by proper mental exercise.” 

Again, it has been pointed out by Le Bon that tho 
range of variation in ‘ cranial capacity * to be met with 
among different individuals of the male sex seems to 
be great in proportion to the position of the race in tho 
scale of civilization. ‘‘ Thus largo and small male skulls 
among Negroes may vary,” he says, ‘‘by 204 cubic centi- 
metres, among tho ancient Elgyptians by 353, among 
twelfth-century Parisians by 472, and among modern 
Parisians by 593 cubic centimetres.” Consequently ho 
holds that the real test of superiority of one race over 
another in regard to ‘ cranial capacity ’ is not to bo ascer- 
tained by averages, which may be* and often are most 
deceptive, but rather by discovering how many individuals 
per cent, for different races possess skulls of given 
volumes. “ The superior race,” according to Le Bon, 
“contains many more voluminous skulls than tho inferior 
race. Out of 100 modern Pijfisian sku]^, there will be 
about 11 specimens whose capacity ranges froifi 1700 to 
1900 cubic centimetres, while amongthe same number of 
Negro skulls not a single one will be Aind possessing the 
capacities r.bove mentioned.” In hi^pore r^ent and 
longer paper Le Bon gives the following interes®|g table 
of percf iitages In illustration of these V,ew^ ; — 
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Ckanial Capacity in Dipferent Human Races. 


Cranial Capacity. 

Modern 

I’aiiHians. 

Parisians 
of tbe 12th 
Century. 

Ancient 

Egyptians. 

Negroes. 

Austra- 

lian.s. 

Cubic Centimotres. 

1200toi:500 . . 

0*0 

0-0 

O'O 

7-4 

45*0 

i;3()0 to I'tOO . . 

10-4. 

7-5 

12*1 

35*2 

25*0 

11.00tol5O0 . . 

li:} 

37-3 

42-5 

33-4 

20*0 

1500 to IGOO . . 

10*7 

29*8 

36-4 

14*7 

10*0 

1000 to 1700 . , 

10-9 

20-9 

9-0 

9*3 

0*0 

1700 to 1800 . . 

6*5 

4-5 

0*0 

0*0 

0*0 

1800 to 1900 . . 

6*2 

0-0 

0-0 

0-0 

0*0 


The same writer adds — ‘‘ The cranial capacity of the 
Gorilla often reaches 000 cubic centimetres, so that it 
follows that there are a large number of men more allied 
by volume of brain to the anthropoid apes than they are 
to some other men.” • 


Brain-Weights. 

The mode of weighing the Brain has not alwfiys been 
siniib*: by different observers. Some have been accus- 
tomed to strip off its thin enveloping membranes before 
putting the organ into thef scales, while others weigh it 
and them together. But the weigh L of ‘ arachnoid ’ and 
* pia mater ^ is pretty well known, and would scarcely 
exceed | or 1 oz. Again, of those who follow the latter 
and by far ihe m4ft common^nethod, some have weighed 
the brain in its cntiregcondition almost as soon as it has 
l^eeii removed from body; while one observer at least, 
Thurnam, has ijen in the nabit of slicing it first and 
allowing ggtum arp blood to drain away for one to two 

f • Loc. cit., p, 75. 


A A 
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hours before putting the organ into the scales. By tliis 
latter process its total weight may in some cases be 
diminished by from 1 to 2 oz.^ 

These being almost the only j)ossible sources of varia- 
tion, where ordinary care is exercised in the process of 
•weighing, the Brain --weights of different observers arc 
more strictly com 2 :)aral)le with one another than are the 
estimations of ‘ cranial caj^a^ity ’ by different ol)servers, 
iising, as they mostly have done, very different methods, 
whose relative indices of variation have not yet been 
determined. 

Of course most of the causes which affect the cranial 


capacity of individuals \vould also affect their Brain- 
•ux'ights, and vice versa. But, except in regard to tlu? 
coin];)arison of ancient with modern races, these con- 
ditions have been much more fully wxrked out in terms 
of Brain-wxight than in terms of cranial capacity. 

Some of the j^rincipal modifying conditions will now^ be 
briefly referred to. 

Age. — It was believed by the earlier anatomists, and 
even by Ticdemann and Sir William Hamilton, that the 
human brain attained its greatest develo^nnent at about 
the seventh year. We now know this to be incorrect ; yet 
from the extensive researches of Dr. Boyd as tabulated 
by Thurnam (loc. cit., Tab. ix.), it would appear that it 


docs in the male actinilly reach about fjtlis of its ultimate 
weight by the end of the seventh year, and in the female 
about yths of its ultimat^ weight by the same period. 
According to this table, moreover, th^naximum weight 
of Ikain, for both sexes, was met uith in individuals not 
exceeding their twentieth year, ^ 


* Sc«' au excellent paper by Dr. Thurnaii^* On the ^'if?ht of the 
[uman Brain and on the Circumstances Iffectinff SuK’ Journ-oj 


Human Brain and on the Circumstances affecting 
Ment. Science, 1860. V 
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Thurnam from a careful consideration of previously 
recorded results comes to the following conclusions ; — 

“ It may in general be admitted that the average weiglit of the 
l)rain undergoes a progressive increase to a period somewhere 
between the twentieth and fortieth year. According to all the 
lnbles before ns which refer to the sane, the greatest average 
weight for the male brain is that for the middle decennial period, 
01 from thirty to forty years ; and this, as M. Hroca observes, 
agrees perfoctl}^ with what wc* know of the continued develo 2 > 
nicnt of intelligence during the whole of this j^criod. For \voinen 
the full average size of the brain is perhaps attained within the 
]»receding decade of twenty to thirty years ; but the difference 
between the two sexes in this respect is not great. From forty 
to fifty years there is a slight diminution in weight and a 
greater one between fifty and sixty. After sixty years the rate 
of decrease is still greater; the jiroccss of decay becomes more 
and more rapid, and thus in the eighth decade of existence the 
average weight of the brain is less by more than three ounces (80 
to 90 grammes) than it was in the fourth decade. In the aged, on 
the average, the weight of the brain decreases pur sot with the 
intelligence. There are many exceptions to this general law, and 
some, particularly of the more cultivated and learned class, pre- 
serve to extreme age all the fulness and vigour of their faculties. 
The brain of such men, as the late Professor Gratiolet observes, 
remains in a state of jicrpetual youth, and loses little or none of 
the weight wli id i belongeO^to it in the prime of life.” 

Sex. — Thurnam says : — “ My own observations fully 
confirm those of preceding writers as to the average 
'•vcight of the adult male brain being about ten per cent, 
greater than that of the female. As Professor Welcker 
expresses it : ‘ brain- vve^ht of the male (1390 grmm.) 

to that* of tiff female (r250 gmim.)'^' as 100 : 90.’ 
^>Ught variations aref observable in the brain- weights of 
Oae two sexes, as gwen by different observers, but it will 
1)0 seen that the jR^erage difference is expressed with 
hiuch accj^acy by mesc figures.” 

^ That m aVuv49 oz. and 44 oz respectively. 

A A 2 
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The difference between the average weight of the male 
and female brain, according to Welcker’s computation, ia 
4*94 oz. or 140 grmm. ; but according to Dr. Peacock’s 
observations on the Scotch, 5*3 oz. or 150 grmm. 

Thurnam says : — 

“ Some have supposed with Tiedemann that the less size of tlic 
brain of the female is due simply, to her less stature. This, how- 
ever, is not the case ; and it was long ago shown by M. Parchapi)e, 
though from a too restricted number of weights, that the difference 
was greater than could be accounted for in this way. I am able to 
confirm this opinion from calculations founded on the great tables 
of Dr. Boyd for St. Marylebone. For this purpose I have examined 
and compared the average stature and brain-weight for men and 

women at the decennial periods from twenty to sixty 

Whilst the brain-weight is nearly 10 per cent, less in the female 
than in the male, the stature is only 8 per cent. less. ” 

Weight of Body and Stature. — The ratio of Brain- 
weigbt to body-weight follows almost precisely the same 
laws as have been found to hold for lower animals ; that 
is, the ratio diminishes with increasing weight and stature 
of body, so that, as Tiedemann observed, ^‘the human 
brain is smaller in comparison to tho body the nearer 
man approaches to his full growth.” 

It varies also with his degree of obesity. lean per- 

sons the ratio is often as 1 : 22 to 27 ; in stout persons as 
1 : 50 to 100.” 

But, as Thurnam says : — Though it may he ques- 
tioned whether many useful^hysiologi|al inferences are 
to bo deduced from the ratio of the hrain-weight to that 
of the body in the two sexes, tho coi^Darison of the brain- 
weight with the stature may yield nfcre valuable conclu- 
sions. . , , Parchappe inferred that^ther tl^gs being 
equal, the weight of the brain in botlSsexes i^-elativcly 
greater in tail persons than in shor^has, the 
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between the two being at the rate of five per cent, ; i,e. 
the brain of a tall man being represented by 100, that of 
a man of short stature was 95. The difference in women 
was a little less.” This agrees pretty closely with 
Marshall’s more recent computations. 

Race. — Comparatively few observations have as yet 
been instituted in reference to this very large subject — 
viz. the question of the average or prevailing weight of 
tlie Brain in different races of Men. More has been 
done in this direction in regard to variations of ‘ cranial 
capacity.’ 

Some sort of commencement has, however, been made 
towards ascertaining the average weight of Brain for the 
English and Scottish, and, with less precision, that for 
the French and German people. But the observations 
made have, as yet, been obtained from too restricted 
areas, and too much from persons of the same social and 
educational status. ♦ 

Tliurnam thinks that Wclcker’s estimate of 1390 
grammes or 49 oz, represents the mean weight of male 
Imropean brains, in persons of twenty to sixty years 
of j^e, with considerable accuracy, and he gives the 
following table showing how the mean brain -weights 
for the separate people ab^ve mentioned stand in regard 
to it : — 


Ratio op Bkun- Weight of diffkuent European Peoples. 


Maleft. ' 

Europeans (Welc/cer2 


English {Boyd),i 
if {Peac(mc) 
Freijjh {Parcimppe) 

GeJ Ians, &c. Wivayner ) . 
S^fch (Pccicoq 


Ounces. Grammes, Ratio of Brain-Weight. 


49 

1890 . 

. 100 

47-8 

1854 . 

97 

49 

1888 . 

99 

1.7-9 

1858 . 

98 

48-3 

7871 . 

98-5 

50 

1417 . 

102 
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It will be interesting to place next to this the table 
given by Thurnam embodying the average results of the 
weighing of twelve Negro brains. 

Average Brain-Weight of Europeans and Negroes Compared. 

Maloa. Ounces. Grammes. Ratio of Drain- Weight. 


Europeans . 

. 49 

1390 


. 100 

Negroes {Tledumann, 4) 

. 44-2 

1252 


. 90 

„ (Peacnclc, 5) . 

. 44-;i 

1255 


. 90 

,, {Barhoniy . 

. 44*5 

1201 


. 90 

(Average, 12) 

. 44*3 

1255 


. 90 


These observations, as Thurnam says, agree in making 
the Brain-weight of the male Negro the same as that of 
the female European.’* He adds : — The decided influ- 
ence of race on the w^eight of the brain is scarcely to bo 
questioned ; and there can beflittlo doubt that the smaller 
size of the brain in other melanous and lower races will 
hereafter be made out by direct observation. The brains 
of tho Hindoo, Hottentot, Bushman, and Australian, arc 
probably of less weight even than that of the Negro; 
but in all these comparisons tho stature must be con- 
sidered.” * • 

Records of the Brain- weight of males belonging to 
these latter races are not as yet forthcoming ; but Iroiu 
the ascertained weight of three female Bushwomen, as 
well as from what we know df tho cranial capa^city of tho 
races mentioned, it may fairly bo anticipated that tlicir 

* There is san e reason to believe that, tVa certain extent, as 
go northwards the average human statur^ncreases, and with it 
the aveiage cranial capacity and brain-weSht. Yefkthe Lapp^ 
and Es<|iiimaux arc extremely short, thongkiSf^eir crani^^capaciti'-'^ 
remain unusually high. Y * 
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weight of brain would fall distinctly below that of tho 
Negro. 

The brain of a Bushwoman examined by Professor Marshall was 
computed to be r>l'5oz., while he has calculated that the brain of 
an average Englishwoman of about the same age and stature 
would have weighed not less than 40 oz. The brain of another 
Bushwoman, commonly known as the “ Hottentot Yenus,” who was 
examined by Gratiolet, is said fo have been a trifle larger, though 
tho exact weight was not ascertained. Lastly — though first 
in order of time — Dr. Qnain recorded the weight of a Bosjes girl, 
fourteen years of age, and forty inches in height, as 34 oz., or 963 
grammes. This, as Dr. Thurnani points out, “ falls short even of 
the average weight of tho brain of the female English child between 
two and four years of age, in whom, according to the tables of Dr. 
Boyd, the brain-weight is 34'97 oz. (991 grammes), and the average 
stature 31'6 inches.’’ Seeing, moreover, as Dr. Boyd’s tables also 
show, that by the end of the seventh year tlie brain of the female 
has attained to at least ten-elevenths of its full weight, the brain of 
this Bosjes girl is not likely to have been much behind the weight 
to which it might have attaineciin the adult condition. 

Tlio Chinese are representatives of the most ancient 
and pcrsistejit, if not the most advanced civilization of the 
worVl, and quite roccn^ily tho bi’ain-weiglits of eleven adult 
males and of five adult females have been recorded by 
Dr. C. Clapham.’'^ “With the exception of one indi- 
vidual they all belonged,” he says, “ to the ‘ Coolie,’ or 
lowest grade of Chinese society,” yet their brain- weights 
were remarkably high, when it is considered that they 
Were in way^icked iiuWsriduals, hut mere chance vic- 
tims of the great tynhooii which raged at Hong Kong in 
September, 1874. Jfhe possible inlluenco of Congestion, 
o'viiig to the morf of deaGi, in slightly raising these 
brain-we^hts mnm, however, not bo forgotten. 

rJourn.tofyie Authropclog. Iiist.,”vol. vii. p. 90. 



860 


THE SIZE AND WEIGHT 


Brain- Weights 


Males, 


No. 

Probable Age. Weight. 

1 . 

. . 30 . 

. . 49f 

2 . 

. . 28 . 

. . 50 

3 . 

. . 45 . 

. . 631 

4 . 

. . 40 . 

. . 55 

5 . 

. . 50 . 

. - . 4!) J 

6 . 

. . 40 . 

. . 48 

7 . 

. . 25 . 

. . 46i 

8 . 

. . 48 . 

. . 54 

9 . 

• . 55 . 

. . 49i- 

10 . 

. . 35 . 

. . 51J 

11 . 

. . 30 . 

. . 46i 


Average 50*45 


Sixteen Chinese. 



Females. 


No. 

Probable Age. 

Weighi 

1 . 

• . 25 . • 

. 45J- 

2 . 

. . 38 . • 

. 49 

3 . 

. . 30 . , 

. 44 

4 . 

. . 70 . . 

. 42|- 

5 . 

• .18 • ■ 

. 4(ii 


Average 45*45 


The significance of these figures will hereafter he re- 
ferred to. ^ 

Mental Power and Degree of Education. — Under 
this head we may briefly pass in review what is known ns 
to the correlation in the human subject of Intclligejice 
and degree of Education, with size and weight of Brain. 
Many more facts are needed before much light can bo 
considered to be thrown upon this subject ; and, moreover, 
some of the data at present in our possession seem at 
first sight rather contradictory. The contradiction is, 
however, more apparent than real. 

Some hints have already bj|en given ^on this subject, 
in what has been said as to the greater capacify of skull 
and weight of Brain in uncivilized al compared with civi- 
lized races, and also in reference tAthe greater cranial 
capacity of Parisians of the ninetecntlLas contrasted with 
those of the twelfth century. Other faoj|3 havinj||he same 
genera! bearing may now be referrdl|{^t 9 . It™ns, 
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instance, ascertained by Dr. Tburnam, that the average 
brain- weight of insane males belonging to the more 
educated middle class in the York Retreat was decidedly 
above that of paupers who died in the county asylums of 
Somerset and Wilts.^ Broca has also made some inves- 
tigations in order to ascertain the dimensions of the heads 
of a number of students of the Ecole do Mddecino as 
compared with those of a number of servants in the largo 
liospital of the Bicetre, with the result of showing a 
distinct preponderance in favour of the students. This 
latter statement is, however, not easy to understand, 
unless we are to believe that the superior education of 
the students has, during their own individual lives, given 
rise to a distinctly increased size of Brain and of head. 
Among the ancestors of the students and the servants it 
is quite possible that, in many instances, the relative 
degree of education and amount of habitual exercise of 
brain may have been reversed. If Broca could measure 
the heads of these two sets of persons again — that is the 
same individuals — after an interval of ten years, the 
relative difference between these two measurements of 
the ^two classes might yield some interesting information. 
But would any difference be observed in the two sets of 
measurements after such tyi interval, and if so could it bo 
ascribed to the effects of superior brain exercise ? These 
Very doubtful questions remain to be solved.! 

* The difference was not nearly so well marked between the 
brain -weights of females of Ihese two classes ; a fact harmonious 
^ith others already, and subsequently to be, cited, showing that 
the range of variation A them under the influence of various con- 
ditions is less than it m for the b^-ain of men. 

t Le Bon has alsojaven a table showing the prevailing circum- 
ferential Sgad meas»enients (which ranged from 52 to 62*5 centi- 
Dietres) jM individAls belonging to diflerent social classes, at 
present ipRring iji ^Jlris, and who, from their differences in 
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Any considerable number cither of Skulls or Brains will 
generally be found to contain representatives of three 
artificial scries into which it is convenient to divide them. 
First, those of medium capacity or Aveight ; second, those 
which are more or less decidedly small (microcephalous) ; 
third, those which are more or less decidedly largo (mega- 
locephalous). For Brain-weights Thurnam has fixed upon 
the following numbers, as those most expedient to adopt 
in the separation of such classes from one another. 


Microcephalous 

BllAIi'lS, 

Brains of Medium 
Size. 

Meoa locephalous 
Brains. 

a , — Incipient Micro- 

Men. — 40-.52.J oz. or 

ct. — hicipient Megalo- 

cephaly. 

1130 -1490 grammes. 

cephaly. 

Men. — 40-37^ oz. or 

Women. — 35-47^ oz. or 

1 

1 

o 

1130-1062 grammea. 

990-1345 grammes. 

1490-1560 gramuios. 

Women. —3 5- 3 2. J oz. or 
990-920 grammes. 

• 

Women. — iTJ-SO oz. or 
134.7-1417 grammes. 

b , — Decided Micro- 
cephaly, 

Men. — Under 37 J oz. or 
1062 grammes. 

Women. — Under 32 J oz. 

« 

h. — Deci ded M egulo- 
Cfphaly. 

Men. — 55 oz. or 15*i0 

grammes, and upwar^ls. 
Women. — 50 oz. or 

or 920 grammes. 

« 

j 1417 grammes, ami 

ni)wards. 


This is a useful table, since it shows the wide range 
of variation to be met with in tho brain- weights both of 
Men and of Women; it mayf however, supplemented 
by tho conclusions of Dr. Sharpey^as deduced from a 

mode of )ife, are accustomed to exercise tAir Intelligence in dif- 
ferent degrees. The prevailing measurera^ts show a distinct 
decrease in tho order of his four classes, warn he dA^nates:-' 
1, Savants et lettrds; 2, Bourgeois Parisi^; 3, dan- 

ciennes families j 4, Domostiques Parisiens.**' f 
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careful tabular analysis made by him of the brain-weights 
recorded by Sims, Clendinning, Tiedemann and Ileid, 
Having rejected from his table all those cases in which 
cerebral disease is reputed to have existed, Dr. Sharpey 
says : — 

“According to this table tho maximum weight of the adult male 
brain in a series of 278 cases was 65 oz.; and the minimum weight 
31< oz. In a series of 191 cases the maximum weight in the adult 
female was 56 oz. ; and tho minimum 31 oz. ; the difference between 
the extreme weights in the male subject being no less than 31 oz., and 
in the female 25 oz. The weight of the adult male brain appears, 
therefore, to be subject to a wider range of variety than that of the 
female. By grouping the cases together in the manner indicated 
by brackets, it is found that in a very large proportion the weight 
of the male brain ranges between 16 oz. and 53 oz., and that of the 
female brain between 11 oz. and 47 oz. The ][)revai.ling weights of 
the adult male and female brain may therefore be said to range 
between those terms ; and by taking tho mean an average weight 
is deduced of 19|- oz. for the male, and of 41 oz. for the female 
brain, — results which correspond closely with the statements gene- 
rally received. . . . The general superiority in absolute weight 

of the male over the female brain is shown by Table 2 to exist at 
every period ')f life. In new-born infants the brain was found by 
Tiedemann to weigh 14^ oz. to 15 J oz. in the male, and 10 oz. to 
131 iu the female.’* • 

{a) — Some of the Condi*4ons coinciding loith low Brain- 
weights : — The average brain- weight of persons dying in 
Lunatic Asylums has been found to bo distinctly lower 
than that of persons of the same class who are not 
insane. Somo.^f this diminution of the average brain- 
weight among tho insane generally, is doubtless due, as 
Thurnam suggests J to partial atrophy of the convolu- 
tions ; though somjfof it ma^; also be attributable to initial 
smallnes|Lof braiyiu certain of the representatives of this 
llass. IKt, as the same .witer romi«fks, — “ Tho 
brain-weyib of those dyin.g in asylums is made 
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up of weights which are above the average of the healthy 
brain, and of others which are materially below it.” In 
general the latter greatly preponderate, and therefore it is 
that the average is low ; but among Epileptics in asylums, 
and occasionally among simply demented patients, the 
brain has not unfrequently been found to be considerably 
above the normal or average weight for sane individuals. 

In congenital Imbeciles and Idiots the average weight 
of the brain is still lower than it is among those in whom 
Chronic Insanity has supervened during adult life. From 
an examination of twenty-two brains of idiots, some of 
whom were also epileptics. Dr. Thurnam obtained an 
average weight for fourteen males of 42 oz., or 1,190 
grammes, and for eight females a weight of 41*2 oz., or 
1,167 grammes. The average of the latter is curiously 
enough almost identical with that of the rest of the 
female insane of the same scries; though that of the 
male brains is very decidedly, less. Idiocy is, therefore, 
not necessarily associated with a very small size of brain : 
though this is frequently the case, still various deficiencies 
in the internal structure and finer development of the 
brain may also entail a similar condition of mental defect. 

Among 50 brains of Idiots examined by Dr. Langdon Down, whose 
ages ranged from 5 to 33 years, the nfinimum weight in a boy of 1 3 
was 15 oz. (425 grammes) ; the maximum weight in a man ol 22 
was as much as 59*5 oz. (1,404 grammes). The latter weight was 
in all probability one which had been augmented to a considerable 
extent by morbid tissue changes o^ a kind to ^ich reference will 
presently be made. ^ 

Where the weight of the Brain Alls below a certain 
minimum standard, the possession W its owner of any- 
thing like ordinary Human Intelli^ice seems to he 
impossible. Graiiolet, without specif^g the Mx, snp- 
posed this lower limit of weight to b^ahout 
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900 grammes. Broca places it somewhat higher, fixing 
upon 32 oz., or 907 grammes, as the limit for the female, 
and 37 oz., or 1,049 grammes, as the lower limit of 
weight for tho male brain, compatible with ordinary 
Human Intelligence. 

The brain- weight of Idiots may, however, and frequently 
docs, fall far below the limits above assigned, and that 
either from atrophic disease ensuing some time after birth 
or from congenital defect. Subjoined is a table given by 
Thurnam of the lowest fifteen brain-weights as yet re- 
corded among Idiots;^ — 

Buain-Wkigiits of Small-Headed Idiots. 


Miihs. Females, 


No. Observer. 

A«o. Weight of Brain. 

No. Observer. 

Age. Weight of Brain. 



O’/j. Grmni. 



Ok. 

Grinra, 

1. Thurnam 

. 29 

35-76 

1018 

1. Bucknill 

. 87 

82-5 

921 

2. » 

. 22 

85-5 

1006 

2. Sims . 

. 12 

27 

765 

8. Parchappe 

. 45 

84-2 

97p 

8. Parchappe 

. 25 

25-4 

720 

4. Thurnam 

. 52 

82 

907 

4. TiilvO . 

. 70 

22-75 

614 

6. Peacock 

. 11 

21-2 

600 

5. Ticdemann 

. 16 

19-9 

568 

Down. 

. 18 

15 

425 

6. Gore . 

. 42 

10 

283 

7. Owen . 

. 22 

18-12 

872 





a TJicile. 

. 2() 

10-6 

800 





9. JVIarshall 

. 12 

8-^ 

241 






of the Conditions coinciding with high Brain- 
weights : — Very low braiii-w^eights are, as we have seen, 
only consistent with Dementia or Idiocy. Very high 
brain-weights may, hm'^ever, be met with, either (1) in 
association wiHf these sai^e morbid conditions or among 
insane persons belojging to other categories ; (2) in very 
ordinary sane indiyduals ; or (3) among the most highly 
intellectual memU&s of society. That the latter asso- 

cit., p. Befereuces to ili« original lescriptions of 
these ■ Qs are ^itH 
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ciation should be encountered is harmonious enough 
with commonly received beliefs, though the existence of 
the two former will bo regarded, at first sight, as 
altogether anomalous. But it is not so anomalous as 
it may seem. 

(1.) In regard to associations of the first order Tliurnam 
found that in about 10 per cent, of the males and 7 per 
cent, of the females who died in the Wilts County Lunatic 
As^dum, the brain-weight exceeded the upper limit of 
the ‘‘ medium size,” viz., 521 oz. and 472 I’cspec- 
tively ; while in from 3 to 4 ])gv cent, decidedly megalo- 
cephalous w^eights were met with^ — that is, above 55 oz, 
and 50 ozi rcspcctiveh^ These facts agree pretty closely 
with the observations more recently published by Br. C. 
Clapham,* although the proportion of decidedly mogalo- 
ceiihalous weights was found by this latter observer to 
be slightly higher in his larger series of brain-weights 
obtained from a more northern English Asylum. Thus, 
among 700 male brains there %vere no less than 43 the 
weight of which was 55 oz. and upwards — and of these 4 
weighed even as much as GO-61 oz.t 

In reference to the brain- weights met with in the Wills 
Asylum, Thurnam says: — 

“The large brains above reviewed^are with little exception those 
of persons in the labouring or artisan class, and if in any of them 
there was an unusual degree of intelligence, the sphere for its 
exercise must have been very limited. The heaviest brain weighed 

* West Hiding Asylum Reports, vol. vi., 187^ *’ 

f Is the lower percentage of decidedly Jjegaloccphalous brains 
met with by Thurnam, to be accounted A- by the difference in 
geographical area from which the above twVsets of patients were 
derived? or may it not be just as much\ue to tb^fact that 
Thumam’s weighings were made after prevAs slicingitond pro- 
longed drainage of b^ood and serum had takdl|^place P 353.) 
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by me (62oz.,or 1,760 grammes) was that of an nneducatecl butcher, 
who was just able to read, and who died suddenly of epilepsy com- 
bined with mania, after about a year’s illness The heaviest 

brain-weight recorded by Dr. Bucknill is that of a male epileptic, 
aged thirty- seven ; and in this instance the brain weighed (>t*5 oz., 
or 1,830 grammes, which was the weight of the brain of the cele- 
brated Cuvier. With one exception the maximum weight observed 
byM. Parchnpi')c was also that of an epileptic man, aged thirty-one, 
in whose case the brain weighed 61*3 oz., or 1,737 grammes. The 
heaviest femnle hrain of which? I find any mention, is recorded by 
Dr. Skae. The patient was not epileptic, but laboured under 
monomania of pride, dying at the age of thirty-nine of an 
exhausting disease — ]ihthisis. hrain had^ for a woinanf the 

monstrous weight of 61*5 oz., or 1,743 (jranimes” 

Tt is possible tliat these decidedly heavy Drain-weights 
may he met with in a slightly higher ratio among the 
insane than among the sane members of any particular 
class, and this for the followiiig reasons : — Fusty Insanity 
is a condition dopendeiit upon various m()rl)id states which 
may perhaps be said to he equally prone to occur in 
large-brained and in small-hrained individuals ; secoiidlj/, 
in some of the cases of this disease, with or without Iho 
association of Epilepsy, the organ or considerable parts 
of it tend to become indurated, owing to a dispropor- 
tionate development br actual overgrowth of the lower 
and functionally inert constituents of the hrain — its mere 
connective tissue or ‘neuroglia’ — ^,just as other organs of 
the body, the liver for instance, may be spoiled function- 
ally though actually increased in bulk, owing to a similar 
connective tissue overgrow|^. This is a condition apt to 
he met with in ^nfirmed Epileptics. And, thirdly, should 
one of these latter Aaiients happen to die in a fit, great 
fulness of the hlo^- vessels of the brain may operate as 
another cause tenling to augment the brain-weight — as 
it is wdf knowqito do in whaV'ver way the congestion 
may beeni|^oduced. Wagner has called special 
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attention to this, and to tho fact that brain-weights are 
aflected not only by length and kind of illness, but by 
mode of death.* 

(2.) But again, high Brain-weights have occasionally 
been met with by many observers in the examination of tlio 
bodies of quite ordinary, common-place individuals, wlio 
during life have neither been insane nor notable for any 
unusual degree of intelligence^ 

Perhaps the largest set of tables from which wo can 
obtain trustworthy information on this subject has been 
supplied by Dr. Peacock, and concerning these Thurnam 
writes : — 

“ In Dr. Peacock’s tables, out of the 157 weights of brains of 
adult Scotchmen, between twenty and sixty years of age, there are 
four in which this ranged from 61 oz. to (r2*75 oz., or from 1,728 to 
1,778 grammes. They were all apparently of the artisan class; 
the occupation of three of them being those of sailor, printer, and 
tailor respectively. The causes of death were fever, delirium 
tremens, and in two cases severe conq^ound fracture. All were 
[affections] more or less liable to be attended with cerebral con- 
gestion ; and there is nothing to show that these individuals were 
distinguished from their fellows by superior endowments.’* 

The heaviest Human Brain as yet on record seems 
also to have belonged to a i)orson of this class. A brief 
account of it has been puldis^cd by Dr. James Morris. t 
The man from whom it was taken was a bricklayer, 
thirty-eight years of age, who died from pyinmia in 
University College Hos 2 )ital in 1849, shortly after a 
surgical operation. ^ ^ 

Dr. Morris says ; — “The weight of the ^ain, taken immediately 
on removal, excecled 67 oz. This weiglmlig was most carefully 
made, and was wi 'messed by several studenV. The brain was well 
proportioned,; the convolutions were not flafcned, though tho sur- 

* Vorstudien, 1862, 2‘® Abh., pp. »-95. 
f “3>nt. Med. Jouru.,” Oct. 26, lljF^i^P* 465.^ 
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face was fairly moist ; it only lost about one ounce weight after the 
usual dissection and draining for two hours.” The man’s height 
was five feet nine inches, and he was of a robust frame. It was 
difficult to obtain any satisfactory history of him — his wife and his 
landlady gave different accounts. It seemed, however, that he 
was a native of Sussex; that he “had left bis native village and 
changed his name on account of some poaching troubles ; that he 
was not very sober ; had a good memory, and was fond of politics. 
Ho could neither read nor write. ” Whatever his potentialities 
might have been, therefore, it^is evident that his actual acquire- 
ments were not great. 

(3.) The comments wliich we shall have to make on 
these latter cases will be better reserved till some illustra- 
tions have been given of the existence of high Brain- 
weights among men of great mental powers and acquire- 
ments — some of whom in their various spheres of life and 
occupation have been among the foremost representatives 
of Human Intelligence. Subjoined is a list given by 
Tliurnam, together ^\ith eight additional brain- weights, 
viz., those of Schiller, Agassiz, Professor Goodsir, Sir 
James Simpson, Mr. Chauncey Wright, De Morgan, 
Grote, and Dr. Hughes Bennett.* 

y Brain-Weights of Distinguished Men. 

Name. A kg. Ounces. Grammes. 

1. Cuvier, Naturalist . . .63 64*5 1830 

2. Abercrombie, Physic ifiii . . 64 63 1785 

* References will be found in Dr. Thurnam’s paper for the place 
of record of most of these high brain-weights tabulated by him. 
The eight additional weighty here given have been, in the above 
order, thus referre^fto, publishiji, or a8certai*ied : — (1) Schiller and 
Agassiz, b^ Dani^^Wilson, in “Canadian Journal,” Oct. 1876; 
(2) Goodsir’s “Anatom. Memoirs,” vol. i. p. 195 (1868) ; (3) “ Med. 
Times and Gaz.,” Ma^ 14, 1870 p. 532 ; (4) Thos. Dwight iu 
“Proceed. American Ajpad. of Arts and Sciences,” vol. xiii. (1878); 
(''>) Exami^tion m^dj/hy Dr. Wilaon Pox and the writer in 1871 ; 
(6) Exandfction by frrof. Marshall in 1871 ; (7) “ Brit. Med. 
Journ.,”^t. 9, 18JfS 


B B 
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Name. 

Age. 

Ounces. Grammes. 

3. Schiller, Toet ... * 

46 

63 

1785 

4. Good sir, Anatom ist 

53 

57-5 

1630 

5. Spurzheim, Physician 

56 

55*06 

1559 

6. James Simpson, Physician 

59 

54 

1533 

7. Dirichlet, Mathematician . 

54 

53*6 

1520 

8. De Morny, Statesman 

50 

53*6 

15*20 

9. Daniel Webster, Statesman 

70 

53*5 

1516 

10. Campbell, Lord Chancellor 

80 

53*5 

1616 

11. Chauncey Wright, Physioist 

45 

53*5 

1516 

12. Agassiz, Naduralisi . 

66 

53*3 

1512 

13. Chalmers, Celebrated Preacher 

67 

53 

1502 

14. Fuchs, Pathologist 

52 

52*9 

1499 

15. De Morgan, Mathematician 

73 

52*75 

1496 

16. Gauss, Mathematician 

78 

5*2*6 

1492 

17. Dupuytren, Sargeon . 

58 

50*7 

1436 

18. Grote, Historian 

76 

49*75 

1410 

19. Whewell, Philoso^iher » 

71 

49 

1390 

20. Hermann, Philologist 

51 

47*9 

1358 

21. Hughes Bennett, Physician 

63 

47 

1332 

22. Tiedemann, Anatomist 

80 

44*2 

1254 

23. Hausmann, Mineralogist , . 

77 

43*2 

1226 


It is worthy of note that in this list, in addition to 
the great proportion of high Brain-weights, there are also 
four of distinguished men, which, even after allowance has 
been made for some amount of atrophy consequent upon 
age in two of them, would more or less distinctly fall 
beneath the mere average weight of 49 oz. 

The facts set forth in the above table as well as tliose 
detailed in the last section, are principally of interest 
from their ]»earing upon t]|^ much ^nd long-debated 
question as to tbe existence of any nece^ary of invariable 
connection bet ^veen mere size or '^ight of Brain ami 
Intclligeyice, Upon this subject a fe^ brief remarks may 
now bt» made. 

Ill the first place then, it seems peri^tly plai^from the 
facts recorded that there is no necHj^ary or ^priablo 
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relation between the degree of Intelligence of human 
beings and the mere size or weight of their Brains. 
We have seen that some demented persons may have 
very large brains ; and again, that in certain very ordinary 
members of society, suftering neither from disease nor 
from congenital defect, the brain may be decidedly large 
and heavy. On the other hand men of great acquire- 
ments, of acknowledged mrental power, and one or two 
even of European fame, may have been, whilst in their 
prime, possessed of brains cither below or only slightly 
exceeding the average weight of the male brain in civilized 
races, viz., 49 oz. — showing that a well-constituted Brain of 
small dimensions may be capable of doing much better 
work than many a larger organ w hose internal constitution 
is, from one or other cause, defective. 

Looking, in fact, to the mere size and weight of a 
Brain, it must never be forgotten that these may be 
notably augmented by overgrowth of its mere inert con- 
nective tissues; or even if morbid tissue changes be 
absent, that an organ of large size or weight may yet be 
a more or less inferior perceptive or thinking instrument 
by r#3ason of its ini\pr and finer developments being 
defective and badly attuned for liarmonious action. Or 
again, it may be a defective^ instrument by reason of some 
still more subtle, and mere moleculur peculiarities of the 
nerve elements of which it is composed — whereby these are 
perhaps both less receptive and less ‘retentive’ of those 
Censorial Imprc^^ons whic^l constitute the rawr material 
of Intelligence, and also less capable than they might be 
of taking part in higAr Mental Operations. 

There is, therefo|#, no invariable or necessary relation 
lietween the mere Aain-wxiglits of individuals and their 
degrees ^Intelligmco. But should it be asked whether 
the projBtion 0 / yegalocei)halous Biains among highly 
In ^ B B 2 
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cultured and intelligent people is likely to be greater than 
among uncultured and non-intelligeiit people, the answer 
to this question may be unmistakeably in the affirmative — 
and this, as Lc Bon has pointed out in regard to ‘ cranial 
capacities,’ is the real direction in which we ought to look 
for evidences of class or racial superiority. 

This modified or more correct form of an old notion is 
based upon various facts which give it a very distinct snp- 
j^ort. As i)reviously stated, the proportion of ‘decidedly 
megalocephalous ’ male brains has been found, among 
the lower and less educated members of society, to range 
between 4 and 6 per cent, for persons under sixty years 
of age ; while in the above table of ]h-aiii- weights of 
Distinguished Men (which, be it observed, is in no sense 
a selected list, since it comprises all such weights known 
to the writer as having been recorded) the proportion of 
those exceeding 55 oz. amounts to nearly 28 per cent., 
and might have been much ‘larger still had it not been 
for the great age of some of the distinguished individuals 
whose brains were examined. For, notwithstanding a 
marked amount of senile atroi)liy in some of these brains 
no less than eleven of them stilly weighed 52] to 55 oz. 
It seems quite possible that those of Sir James Simpson, 
Daniel Webster, Lord Campbell, and Professors De 
Morgan and Gauss, may each have exceeded 55 oz. in 
weight when these distinguished men were not only m 
good health but distinctly under sixty years of age. And 
in this case the number of tdecidedly^egalocephalous 

Brains among these twenty-three Distinguished Men 
would be raised to about 45 per c^t. The list is small 
from which to draw any conclusions, but the difference 
in proportion indicated seems to be\far too ^reat to be 
attributable to mere chance. 

Apart from tht existence of actual^oibid chl||g®s, the 
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large size of an organ such as the Brain gives, perhaps, a 
more than average warrant that its inner development will 
be adequately carried out, and that the organ will be highly 
endowed with its own proper kind of vitality. If how- 
ever it does not fall short in either of these respects, an 
increased size of Brain ought to be a distinct advantage for 
its owner ; and, should the general and special conditions 
of life be at all propitious, would be likely to favour the 
development of great Mental Power or the acquisition of 
mil oh Learning. 

The tendency to the occurrence of high Brain-weights in 
much larger proportion among the civilized than among 
uncivilized or little civilized races has been already referred 
to in this chapter. This, together with the other most note- 
worthy and well-established fact, that such differences of 
brain-weight are found to be far more marked among the 
^len than among the W omen when higher and lower races 
are compared, affords mosfi valuable evi(l(*nce to show the 
(ixtent to which the Human Brain has, in the course of 
many generations, gone on increasing in size under the 
influence ot that augmented use and exercise apt to bo 
entiled b37 a life passed in a state of Civilization. 

But the longer a state of Civilization has existed among 
any particular people, the^more generally diffused among 
the individuals of such a people should be the tendency 
to inherit a brain of full dimensions. And, except it be due 
to some quasi-accidental and little understood race distinc- 
tions, how else ^e wo adequately to explain the remarkable 
series of Chinese brain- weights published by Dr, C. Clap- 
ham? In these si^^en chance individuals of the Coolie 
class the brain- wei {Juts are di stinctly above the average for 
English, French, Gerniaiis, of the same social grade, 
and, th|*gh to alless extent, also al ove that for Scottish 
LowlaArs. W 
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Be the cause what it may (and their mode of death 
must not bo forgotten), it would scarcely be possible to 
point to such another series of figures for any sixteen 
chance individuals — with the single exception of those 
recorded in our table of ‘ Brain- Weights of Distinguished 
Men.’ 

It is not at all necessary to suppose that the individual 
Chinese Coolies were capable, of displaying any iiota1)le 
amount of intellectual ‘ acquirement ’ or ‘ power,’ in order 
to justify their possession of such large brains. Dr. 
Clapham records a fact of some significance in this con- 
nection when he says : — ‘‘ Of the capncAtij of the Chinese 
Coolie class for learning I am not inclined to speak so 
lightly, but on the contrary am convinced of their natural 
aptitude in this direction.” We have in these facts, 
perhajis, just what might be expected as a result of a 
very long-continued antecedent civilization even of a low 
order, viz., the inheritance of ji large Brain together with 
a good aptitude or ‘ capacity ’ for learning.* 

The Brain is ditferent from all other organs of the body. 
It is often a mass of structural potentialities rather than 
of fully-developed nerve tissues. Some of its elements, 
viz., those concerned with best-established Instinctive 
Operations, naturally go on to their full development 
without the aid of extrinsic stimuli ; others, however, and 
large tracts of these, seem to progress to such develop- 
ments only under the influence of suitable stimuli. Hence 
natural i^ptitudes and potencies of the iMst subtle order 
may never be manifested by multitude^of persons, for 
want of the proper sflmuli and prattice capable of per- 
fecting the development and functioigil activity of those 

* pp. 801-353, where some facts arewentioned^nding to 
show thui Oivilization, acting through long periods, d ^. help to 
bring about an increase in the size of the brd 
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regions of the brain whose action is inseparably related 
to the mental phenomena in question. 

The development here referred to is of the finer sort ; 
that which, to some extent, eludes our present means of 
observation. Its establishment may be associated with 
an altogether insignificant increase of weight, and perhaps 
no increase in size, of the organ as a whole. Yet a 
development of previously embryonic Nerve Cells, together 
with an establishment of multitudinous new connections 
between them, by means of ‘ intercellular processes * and 
‘commissural fibres,’ may have been taking place through- 
out large tracts and areas of the Brain, to an extent which 
it is altogether impossible for us adequately to realize.* 

That this is no mere fancy is in part evidenced by other 
facts previously stated, viz., that the male brain actually 
attains |ths, and the female brain y^ths of its total 
ultimate weight by the end of the seventh year — although, 
at this time, the inner and finer structural development 
of the organ is, in all its higher tracts, still in a com- 
paratively embryonic condition. Even such data might, 
therefore, be considered to show, in the strongest manner, 
ho\f comparatively uiumportant is mere bulk or weight of 
Brain in reference to the degree of Intelligence of its 
owner, when considered, as it often is, apart from the much 
more important question of the relative amount of its grey 
matter, as well as of the amount and perfection of the 
minute internal development of the organ either actual or 
possible. 

See p. 346, for th(|8tatemciit madAby Lockhart Clarke as to 
the characteristics owthe embr v^onic or undeveloped nerve ele- 
ments met with in tb| Cerebral Convolutions of the foetus. 
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CHAPTER XXI. 

THE EXTERNAL CONFIGURATIok OF THE HUMAN BRAIN. 

The Brain of Man belongs to the same type or pattern as 
that met with among Apes and Monkeys. Whatever in- 
terpretation may be put upon it, this fact itself is too 
obvious to admit of any doubt. The same general shape 
is to be seen, the same lobes, the same principal fissures. 

It is true that important differences are also en- 
countered. The relative size and development of the 
several Lobes is not the same. There is again in the 
brain of Man a much greater richness and complicacy of 
the * secondary’ fissures and Convolutions; whilst a 
difterence eclipsing all others in importance is to be found 
on the side of weight. The maximum Brain-weights that 
have, as yet, been encountered ampng the great ‘ man- 
like * Apes, range from 12-16 oz., although the body- 
weight of some of these creafeires equals or may even 
greatly exceed that of an ordinary Man. 

Striking, however, as the difference is, between the 
brain-weights of the great * man-like * Apes and those of 
ordinary human beings, it musi not be f^gotten that the 
actual range of variation met with among indiviclual Men 
is still greater. Some persons exhibit distinctly 

human attributes and mental powerrathough possessing 
brains whi<3h do not exceed 82 oz. in^eight, whilst the 
same organ in other Men may rise tAa max]||uiR of 
64—67 oz. Such fcets, together with alrea™cited, 
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certainly imply the existence, in the Brain of Man, of a 
remarkable capacity for growth and development, under 
the long-continued influence for generation after genera- 
tion of those modes of life and cerebral activity which 
are almost inseparable from existence in a more or less 
Civilized Community. 


In studying the external configuration of the Human 
Brain, it will bo most expedient, in the first place, to look 



Fir. 1.33.-nrain of tho Hottentot Venus, view. (Vogt., after Gratioleh) 
f\ Frontal lobe; P, ^arietal lobe: 0, occipital lobe ; T, temporal lobe; C, Cere- 
bellum ; Po, pons Varolii ; V M, medulla oblongata; S, Sylvian fissuro . P, of 

Uolando; PS, parallel assure. Upper fold of frontal con^^lutlonB 
fold of frontal convolutions ; a^, lower told of frontal convo u on . , g 

frontal (or antei^r cent^ convolution ; P. ascending parietal (or 
convolution; bi, bs, upper, middle and lower folds of parietal convolutions 
c2, c8, uppel-, middle and lo^r folds of Knnporal convolutions ; d , d , di, upper, 
ijiilddlo and lower folds of occijptal convolutions 


h> the chatpeters ojf the org.^! es it exists in one of tho 
lower r^ of Mifckind. We may then advantageously 
compar^ne of ,tl|le simpler types with the more highly 
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evolved forms of the same organ, such as are common 
among representatives of the higher civilized races. 

The brain of the so-called ‘ Hottentot Venus ’ was carc- 



0 

Pro. 134. — Brafn of tho ETottcntot Vcntfi, upper aspect. 
(Vogt, after Oratiolet.) 

X, Longitudinal fissure ; if, fi88iu*o of Rolando ; F, vertical 
or perpendicular fissure; 0, occipital lobe, a', a*, as, UpiHjr, 


fully examined 
and figured 
by Gratiolet. 
Though her in- 
telligence was 
not notably 
defective, the 
convolutions of 
her brain were 
relatively very 
little compli- 
cated. After 
commentin g 
upon this fact, 
Gratiolet adds: 
— “ But what 
strikes one, at 
once, is the sim- 
plicity, the re- 
gular arrange- 
ment of the 
two convolu- 
tions which 


middle and lower folds of frontal convolutions ; A, ascending the 

frontal, and JR, a8cen<ling parietal conv^utions ; 6*, b\ ^^rupo 

upper, middle and b)wer folds of parietarconvolutions SUp^rior angl® 
lower fold of oocipiUl convolutions. ^ fpOUtal 


lobe. Tlieso folds, if those of th^two hemispheres b® 
compared, present, as we have already pointed ont, 
almost perfect symmetry, such as V never^xhibited 
by normal brains of the Caucasian Ace. . • 
regnlarity — ^this symmetry, involuntanpf recalls pe 
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larity and symmetiy of the cerebral convolutions in the 
lower species of animals. There is, in this respect, 
between the brain of a white man and that of this Bos- 
jesman woman a difference such that it cannot be mis- 
taken ; and if it be constant, as there is every reason to 
suppose it is, it constitutes one of the most interesting 
facts which have yet been noted.” 

The most complete description we at present possess, 
however, of the Brain of a representative of one of these 
lower races has been given by Prof. Marshall in his 
Memoir on the brain of a Bushwoman.* The organ in 
this South African woman was decidedly small, as will 
have been gathered from what has been said in regard 
to it in the last Chapter (p. 359). Certain portions of 
Jlarshairs description are here reproduced in his own 
words. 

General Shape of the Cerebrum. “ When viewed 
from above, the Bushwoman’s Cerebrum, like her 
cranium, presents a long and narrow ovoid form. The 
line of greatest width corresponds with the parietal emi- 
nences, and is placed rather far back, viz., at two-thirds 
of the total length of the Cerebrum from its anterior 
border, so that one-third only is behind those eminences. 
From this prominent parietal region the Cerebrum 
slopes or falls away in all direction.; — very suddenly back- 
wards and rather so forwards as far as the entrance of the 
Sylvian fissure, where, like the foetal brain, it appears 
remarkably con^^icted, anA then widens again a little at 
the outer angles of the frontal region, which is neverthe- 
less decidedly narrow?. The Jiift hemisphere, as seen from 
above, is *2 of an ilch long* r than tlie right, the increase 
being almost enktrely behind. This relative greater 


J/Phil. Trans.'* 1864, p. 601. 
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length of one hemisphere backwards (usually the left, 
so far as I have observed) is very common in European 
brains.”. 


“ Viewed laterally the parietal region is salient ; the 
vertex is low and flattened, its highest point being placed 



far back ; the frontal 
region is shallow.” 
. . . . ‘‘ The tern- 
poral lobe is narrow, 
the line from its 
point to the tip of 
the posterior lol)C 
being very long ; the 
curve formed by the 
under border of the 
Cerebrum, above 
the Cerebellum, is 
slighter, and its 
direction more ob- 
lique upwards and 
backwards than in 
the ICuropean brain, 


Fio. 135. The Brain of a Bushwoman, upper as- owintT anDarentlV 
pcct. (Heath, after Marshall.) ^ 

F, Frontal lobe; O, occipital loljo; P.c>ariotal tO a Want of down- 


lobc; d, rf, fissure of Rolando ; P, parieto.occipit4il rlpvplnnmcnt 

fissure \ A, A, supra-marginal lobule. ‘2, 2, Middle, and ^ v 

3, 3, upper frontal convoiution ; 4, 4, ascending frontal, of the OCCipltal TC- 
and 5, .5, ascendinr^ parietal convolution ; 5', 5', lobule of , U’ 1 *a YPl’V 

ascending parietal couvolufioti ; 6, 6, angular convolu- WJllCll IS j 

tion ; 10, 10, upper, nd 11, 11, lower occijdtal^onvolu- 

tion. a, a, first, and second connecting convolutions. , * „] 


gion which is very 
sh^low' ^ 
tips of the temporal 
.towards the middlo 

^lecially contracted> 


lobes are pointed and much incurved towards the middle 

line The orbital surfaces are ^lecially contracted, 

but Ibtve a square or human and no| a pointy or ape- 
like shape.” 

Taken as a who'e this brain of the ^u^ihwomJI, when 
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compared with that of the European, was found to be 
specially defective in depth and vertical height. 

Fissures, Lobes, and Convolutions of the Cere- 
brum. ** The fissure of Sylvius in the Bushwoman’s 
brain extends well backwards, but inclines more upwards 
than in the European brain, ^ and its course is marked 
soon after its commencement by a peculiar horizontal 
step Its margins jare not very closely adapted 



1^10. 136. — The Uraiii of a Byshwoman, lateral aspect. (Heatli, after Marshall.) 
bettors ax-d figures of reference in part as in last figure. T, temporal lobe ; c, island of 
Roil ; e, e, fissure of Sylvius ; 1, lower or third frontal convolution ; 7, 7 ; 8, 8 ; 9, 9, 
three temporal convolutions ; /, /, and { 7 , g, parallel, and inferior temporal fissures. 


together, especially opposite the hinder border of the 
frontal lobe, which is hero very defective. The fissure, 
indeed, is so patent,- that^without any separation of its 
margins, ft por^n of the island of Beil or central lobe (C), 
though small, is disfuctly visible. This condition recalh 
to mind the foetal JLte of .he human cerebrum (fig. 128), 

* TheeeAre marks 5f low dcvclopmeut. In more highly developei 
brains tip Sylvian fissure is shorter as well as more horizontal ii 
^rectio|f 
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but, so far as I am aware, is not present in any adult 
quadrumanous brain. The defect in the frontal lobe 
explains the remarkable constricted form of the Bush- 
woman’s brain, already mentioned as existing at that 
point, a form which we may perhaps assume is a charac- 
teristic of the Bosjes brain, as it is equally present in the 
brain of the so-called Hottentot Venus, where it has also 
been noticed by Gratiolet as a. foetal character.” 



Fio. 187. — Right Cerebral Hemisphore of a Scotchman, outer aspect. (Tnmor.) 

Fr, Fr, Frontal lobe; Par, pariebil IoIh) ; Or, (x:cipital lol>e ; T teini)oro-Kphei)- 
oidal or tcrnponil lobe ; S, S, Sylvian fissure ; 'S, 'S, tsceiuling limb of Sylvian fissure 
(or ‘Sulcus precentralis’ of Eeker); R, R, fissure of Rolando; fP, Intra-parietal, 
and P, P, parallel fissures, 1, 1, 1, Inferior, 2, 2, 2, middle, and 3, 8, 3, superior 
frontal convolutions ; 4, 4 , ascending frontalg^and r>, 5, ascending parietal convolu- 
tions; 5', outer i»art of po.stcro-parietal lobule; 6,6, angular gyrus; 7, 7, superior, 
8, 8, 8, middle, and 0, 0, fl, inferior temjstral c< *n volutions ; 10, superior, 11, middle, 
and 12, inferior occipital convolution.9 ; A, suj»ra-m.'irginal lobule; a, P, y, 5, 
second, third, and fourth annectcut or bridging convolutions. 


The Jissure of liolando (fig.4l36, d, d) ^^mmences about 
inches behind the tip of the temnoral lobe. It ter- 
minates con8idera,bly beyond the miWle of the long axis 
of the cerebrum, nearly as far back a^the lino of greatest 
width of tliat oi^^an ; so that it paSses prop^tionally 
further back than in the Hottentot Venus, or incited than 
in the I'ln opoaii.” 
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The external perpendicular fissures (fig. 135, P) can be 
traced as easily as in the Hottentot Venus (fig. 134, F), but 
are soon interrupted by the external connecting convolu- 
tions (a, /3). Towards the sides these fissures are cer- 
tainly more easily followed than in the European — a cir- 



Fi^, 138. — Vertex View of the Hr:tin of a Scotcbinan. (After Turner.) 

FTy Frontal lobe; Par, parietal l<%e; Oc, occipital lobe; S F, Bupero-frontal, 
IF, inf ero -frontal fissure ; R, fissure of R<»l:indo ; / P, intra-parietal, and P 0, parieto- 
occipital fissure ; liorizontal, and S', ascending limb of the Sylvian fissure ; 
A, Hupra-marginal lo1)ule. 1, 1, Inferior, 2. 2, n nidle, and 3, 3, 3, sui^erior frontal 
convolutions ; 4, 4, ascending frontal, and 5, .% ascending parietal convolution ; 
5', outer, and 5", inner part of postcro-pariebd lobule ; <*, 6, ang\ilar convolution , 
10, biiperior occipital (|gprolution. a, <1^ first, and second annectent convolution. 

cumstance which iiAarts a lower character to this part of 
the Bosjes brain ; jS the same time they are far more 
interrupted than =^in tlie Ohimpanzee or Orang-outan. 
These J^ort external perpendicular fissures join as usual 
the sujnnits of tilb internal perrendicular fissures, and, 
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together with the fissures of Rolando, divide the upper 
surface of the Cerebrum into three regions.” 

Of these three regions, when measured longitudinally 
over the vertex, the parietal is found to be specially 
defective in the Bushwoman’s brain, since instead of 
being equal to or rather longer than the occipital, as is 
commonly the case in European brains, it is very dis- 
tinctly shorter than this latter. region. 

Thepa?’aWf?Z Jissure (136,/,/) on the outer surface of the 



Fio. 139. — Inner Face and Tentorial Stirfacc of the Left Cerebral Hemisphere. 
(After Turner,) 

Fr, P'rontal lobe; Par, i»arletal lobe; Or, occipital lobe; 7’ tenijHmil lo)»e; 
P 0, internal, perpendicular, or paricto-occipital fia^uro ; i, i, i, eaUo.so-marginal, and 
I, I, calcarine fiBHuro ; vi, vi, dentate fissure ; «, n, collateral fissure. 17, 17, 17, 
marginal convolution ; 18, 18, convolution of corpus callosum ; 18', quadrilateral 
lobule; 19, 19, uncinate convolution, of w^ch 19' is the ‘crotchet,’ or recurved 
part ; 25, caucus, or occipital lobule ; 9, 9, inner face of inferior tcmixjral con- 
volution. 

temporal lobe is more tortuous on the loft side than in 
the Hottentot Venus, thougk' less so ^lan in ordinary 
European brains.” 

“The intern il perpendicular fis^re (fig. 139, 2^0) is 
more vertical than in the European, bit much less so than 
in the Chimpania e — the angle formed by this fisi^re and a 
base-line drawn tnrough the corpus callosum bei^ in 
European 123°, in the Bushwoman 1131 and in Cbim- 
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panzee 93®. As in the European brain, however, this 
fissure joins the fissure of the hippocampi below (fig. 139), 


whilst in the Quadru- 
mana it usually stops 
short of that fissure.** 
We cannot follow 
Prof. Marshall in his 
interesting and de- 
tailed examination of 
the various convolu- 
tions of the Bush- 
woman’s brain, includ- 
ing his estimation of 
the degree of their de- 
velopment in relation 
to those of the Hot- 
tentot Venus and those 
of the ordinary Euro- 
pean brain ; we can 
only reproduce some 
of his most interesting 
general conclusions. 



Atl the primary convo- 
lutions which should exist 
HI the human cerebrum 
“are present in the Bush- 
woman’s brain ; but, as 
compared with the^anie 
parts in the o^v*fiiary 
huropean brain, they ai|| 
smaller, and in all casA 


the Island of Ueil. (After Turner.) 

Most of tho temporal lobe has been removed 
for t^e purpose of ilisplayin^f tho Islarid. 0^ Ol- 
fa dory sulcu-s ; T H, triradiate sulcus ; 1", pos^ 
nor, 1"', internal, and 1'"', external convolu- 
jiis of tho orbital lobulo ; C, Island of Reil, with 
.vS radiating convolutiims ; 1. 1, under surface of 
lower or third frontal convolution , 4, niidci 
sui-faR) of lower end of ascending frontal con- 
v.dution ; f», under surface of lower end of parie- 
tal convolution ; 17, marginal convolution. 


80 much less complicate as to be far more easily recognized and 
distinguished amongst each oth'^T, This comjiaraiive simplicity 
of the Bu*J^oman’s brain is, of course, an indication of structural 
inferiorit# and indee^ renders i'- a nsefnl aid in the study of 
the Tno: complea Isropean form, ‘in contrasting the several 
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rogions of the Cerebrum, the primary convolutions of the upper 
frontal and outer parietal regions are, on the whole, the best de- 
veloped ; those of the middle and lower frontal regions, the temporal 
region, the central lobes, and the inner surface the next ; whilst 
those of the orbital surface and occipital lobe are the least de- 
veloped,” 

“ Of the Connecting Convolutions, those highly importa nt and 
significant folds, the external connecting convolutions are, in com- 
parison with those of tlie European brain, still more reniarkal>ly 
defective than the primary convolutions. All four of these con- 
volutions are present; but all are characteristically short, narrow, 
and simple, instead of being complex and occupying a large space; 
hence, though the external perpendicular fissure is soon filled up, 
the parietal and occipital lobes are more easily distinguishable from 

one another than in the European brain Tlie numerous 

sulci and convolutions, which so complicate the longer ones in the 
European brains, are everywhere decide<lly less developed in the 
Eushwoman — but especially so in the occipital and orbital regions, 
on the bent convolution, and on the external connecting convolu- 
tions. This is a further sign of structural inferiority.” 

Compared with that of the Hottentot Venus, the Ihish- 
. woman’s brain is, ‘‘ in nearly all cases where comparison 
is possible, a little, though a very little, more advanced 
and complex in its convolutional development — the one 
exception being in regard to the iize of the occipital and 
external connecting convolutions, which are smaller in the 
Bush woman.” But the resamblanco between the con- 
volutions of the two brains is very close, whilst the sim- 
plicity of their arrangement is not to he paralleled or even 
approached in normal European brains. 

• k- 

It remains now to point out rather more fully 
nature of the principal differences j^sented by the brains 
of Europeans when contrasted witn those of the lower 
human types ^o which we have hitherto heeiy referring* 
This, however, is a somewhat difficult task, bei^Vjise wido 
indiviJuai differences^ relating to man^letails of st'ructuio, 
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are to be encountered in this organ in different Europeans. 
In some of them a brain is to be met with which approxi- 
mates closely as regards size, relative development of 
lobes, and comj^licacy of convolutions, to the low standard 



Fic. Ul.- Brain of Gauss, the Celebrated Math' matician and Astronomer, upper 
aspect. {8harpey, after R. Wagner. ) 

^ f, Longitudinal fissure; a, a", upper, middle and lower frontal convolutions ; 
-^1 A, ascending frontal involution ; fissure of Ri>lando; B, B, ascending 

convolutfbns ; b^, pariet^d lobule ; b", supra-marginal lobule ; c, c', first 
uplwr temporal convolution; j>, perpendicular (o’* parieto-occipital) fissure : 
d', upper, middle, and lowr occipital convolutions. 

afforded by the brain of tlio Busbwoman. In others, the 
majority oi characters arc Uecidodly higher, though in 
certain p«s or situations mav be presented now one, 
now another, feaMiip of a lower type. All sorts of grades 
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and transitions are, in fact, frequently encountered, so 
that the remarks made in reference to this part of our sub- 
ject must be suggestive and general rather than precise 
and particular. 

Looked at from above, the shape or outline of tlic 
European brain varies considerably. The narrowed and, 
as it were, compressed anterior lobes in the Bushwomaii, as 
well as the narrow tapering shape of tlie occipital lobes, 
are eminently foetal characteristics. As a rule, this 
contracted condition of the anterior lobes is absent in 
the European brain, and in some specimens tlic sliape is 
so broadly oval as even to approach the circular outline, as 
in that of the Scotchman represented by Turner (fig. 138). 

The brain of a celebrated naturalist ” ligured by Kudolpli 
Wagner* has much the same almost circular outline when set'ii 
from above, and both in it and in the brain of the Scotclunaii 
ahead}'' referred to, the posterior extremity constitutes the br(»iul 
end of the oval. On the other haChd the brain of the great mathe- 
matician and astronomer Gauss (fig. Ill) has, when seen from 
above, a distinctly elliptical outline — the curve of the anterior beins^ 
almost exactly equal to that of the posterior lobes, and the greatest 
transverse diameter being equidistant from both extremities. A 
similar upper outline is to be seen in'^he much less elaborately 
convoluted brain of the artizan Krebs,! although the side view of 
tlii.s same brain, when compared that of Gauss (loc. cit., tab. 
vi.), shows it to i)e very deficient in depth, both in the frontal and in 
the parietal regions. ^J’he upper outline of the brain of the j)liilo- 
logist Hermann, likewi.se depicted by W agricr, is also nearly ellip- 
tical, the 2 >osterior being very slightly narrower than the autei’or 
extremity. Its widest transverst diameter, f^oreover, is situated 
midway between its two cxircmitie.s, thougli this region corresponds 
with the supra- marginal lobule rather ti^n with the lower end of 
the ascending parietal convolution, as in 5ie brain of Gauss and m 
that of the arti/ in Krebs. A reference to fig. 135 will show that 
the brain of tb. Bushwoman is also widest 
the very prominent ‘ supra-raarginal lobules,’ 

* * Vorstudien,'’ tab. ij. f Wagner, Ifec. 


in tho,^situation oi 
’ thougi^l* these arc 

^uit. tab. ip fio* 
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found to be distinctly posterior to the median axis. The brain of 
the eminent mathematician Dirichlet is longer and broader than 
cither of the others figured by Wagner. ItvS posterior extremity 
is narrower than the anterior, and even notably pointed. Its 
greatest breadth may be seen to be only slightly posterior to its 
median axis, and to correspond with the hinder part of the ascend- 
ing parietal convolution. 

Notable variations are therefore to be met with in the 
sliape of the ]h*ain as seen from above, as might have 
been expected from a consideration of the diverse shapes 
of the human Skull in diliereiit races and individuals. We 



f’Ki. 14::.-^.Briun of GiMiss, th CcU^ratrU Mathciualician and Astronomer, side 
view. (Vogt, after R. Wagner.) 

/^'.Frontal lobe; /^ pfiriotal lolie; 0, ocoipiUl lobe; 7’, temporal lobe; V, cere- 
ijelliim ; Po, {k>us Varolii ; V M, medulla oblong.' a ; S, Sylvian fi.ssuro ; /f, fissure of 
Rolando; if, p.ir.-illel fissure, o*, Cpitcr fold of frontal convolutions; a’, middle 
fold of frontal convolutions ; lower fold oi fronhd convolutions. J, Ascending 
f»‘<naal (or anterior cei||g|Ll) convolutio#; B, ascending pjmetal (or posterior central) 
convolution ; bf b^, i>3^j,pcr. jidddlo, and lower folds of parietal convolutions ; 
*^*1 c®, c3, upper, middle, and l^cr folds of tcmiwal convolutions; d>, d*, upjHjr, 
niiddlc, and lower folds of capital convolutions. 

have extreme * long-heads,* aiul extreme ^ round heads,* 
intersp^ed with multitudes of individuals whose cranial 
diametfc are moiie nearly equal. On the whole, it is, 
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perhaps, moat frequently found that the greatest breadth 
of the brain is behind its median transverse axis, and that 
its posterior is more bluntly rounded than its anterior 
extremity. 

Looked at from the side, the Brain presents certain 
obvious ditYerences when we compare such simple forms 
as that of the ‘ Hottentot Venus ’ and the Bush woman, or 
even that of Krebs the artizau, with one of the highly 
evolved organs pertaining to a man of great and subtle 
intellect, such as Gauss. . 

One of the most notable characteristics of the Brain 
of Gauss is to be found in the great development of the 
Frontal Lobes. This is rendered evident by the fact of 
their comparative length, breadth and height, and also by 
reason of the extreme complicacy of their three tiers of 
convolutions (fig. 142, a\ a?). Wagner gives a full-size 
representation of these lobes, viewed from the front, and 
also, for comparison, a similar view of the frontal lobes of 
the artizan Krebs. The difference between them is very 
marked. 

The writer has in his possession the brain of another 
celebrated matliematician, the late Professor De Morgan, 
and although in it the frontal lobejf are likewise large and 
well developed, their convolutions arc by no means so intri- 
cate as in that of Gauss. But^n the brain of a Journalist 
(formerly a Clorgjunan) who died some years ago in 
University College Hospital, the size of the frontal lobes 
is distinctly greater, and the intricacy of their convolutions 
altogether remarkable — fully ^equalling,^ven Jf it does 
not exceed, that met with in the brain of Gauss. In other 
regions also this brain, of an educat^ though not distin- 
guished man, ip rather more highly convoluted than that 
of De Morgan, as it is also distinctly heavier^^ It was 
preserved, indeed, both because it was j^e brain well- 
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educated person and because it presented a well-marked 
complicacy of its convolutions, with the view of subse- 
quently comparing it with that of the recently-deceased 
Mathematician. 

In both these brains, as well as in that of Gauss, the 
fissures of Rolando are very sinuous, owing to the exist- 
ence of many secondary foldings of the ascending frontal 
and parietal convolutic ns.* » The relative position of these 



Fig. 143.- -Front view of Frontal IjobcM of the Brain of a JouTiiallst, showing the 
extreme complicacy of its Convolutions. Owing to slight obliquity of ixisition, 
the right Froji'.al Lobe is more fully shown than the left. (Accurately drawn by 
V, Horsley, from a photograph.) 

f 

fissures was, however, vei^ different in the two brains, 
and ill that of the Journalist the distance of the lower 
end of the fissure of Rolando from the tip of the temporal 
lobe was altogether remarkaTile. 

As a egnseq^pnee appafently of a blindness of the 
right eye, dating fxoni a few days after birth, the left 
Cerebral Hemisphejp of De Morgan’s brain was notably 

* No brid/i^-like convolution was to be seen crossing the fissure 
of Kolan^ in either brain. On the right side, but not on the left, 
and thi^fcly in the brain of De Morgan, the fissure of Jlolando 
opened Into the fisaq^b of Sylvius. 
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smaller than the right, though the measurements of the 
organ, now that it has become flattened from its own weight, 
and is slightly shrunk in consequence of its preservation 
in spirits, do not show this so clearly as when it was in 
the fresh condition.* Still even now the left hemisphere 
is distinctly smaller than the right, both in length and 
in breadth. The occipital lobes are as nearly equal in 
length as they can be, but th^ left internal perpendicular 
fissure (owing to the smaller size of the frontal and 
parietal lobes) now lies exactly | in. in front of that of the 
right hemisphere. The left occipital lobe is, moreover, 
distinctly narrower and less rounded externally than that 
of the right side. The temporal lobes are of equal 
length, but in regard to relative breadth they have been 
too much altered by pressure to enable any opinion to be 

♦ This brain was removed on the third day after death, and was 
not in a good condition for preservation. The measurements over 
the vertex, then taken with groat ^are by means of a narrow tape, 
were as follows : — 

Anterior extremity of Upper end of Fissure of Upper end of Por|K‘n(li- 
FYontal LoVjc to upiK-r cud Itohindo to \ii)pcr end of cuhir Fissure 1<> ’’ 

of Fissure of Holando. Perpendicular Hshure. extremity of Occipital l ei e. 

Inches. Inches. Inch 

L. 4^ 2^ ' 25 

B. 2J 2| 

Besides the special arrest of development met with in the left 
hemisphere, the brain generally was distinctly shrunken, partly froo: 
the effect of ago, and partly from disease which had produced great 
and general emaciation during the last twelve months of life, 

De Morgan was well known to have had an ext^tionally large head, 
so that had it not been for age and the wasting above-fcentioned his 
brain would probably have weighed inu<ft more than it did, viz.. 
f>2Joz. The writer found the measnremefljts of I*rof. Bo Morgan s 
head (almost fre 3 from hair) to be as follows ; — Circumference, 
24 J in. ; loiigitiirinal measurement over vertex (root of ^ose to occi- 
pital protT'berance), in.; transverse measure men t^^er verU‘X 
(from estornal auditory meatus to its fellow opposite sSie), ISgio* 
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formed. The diminution in general size of the frontal 
and parietal lobes is still very obvious, both in breadth as 
well as in length ; though it is not a diminution localized 
in any particular parts of these lobes. Nor is there any 
appreciable difference observable in the convolutional de- 
velopment of any part of the hemisphere, as compared 
with that of the opposite side. The region of the ‘ supra- 
marginal lobule ’ and of t^ie ‘ angular gyrus * seems cer- 
tainly to be just as well developed on the left as it is 
on the right side, though these are the convolutions which, 
according to Ferrier, are to be regarded as the principal 
site of the ‘ Visual Centre.* 

Except for the degenerated condition and wasted 
appearance of the right optic nerve and the corresponding 
left ‘optic tract,’ there is nothing to be discovered which can 
possibly account for the smaller size and stunted develop- 
ment of the left Hemisphere. Tlie anterior of the quadri- 
geminal bodies on the left, side is slightly less prominent 
than that of the right side, and it is also slightly different 
in colour : but it was not examined previous to the immer- 
sion of the Brain in spirits of wine. The Cerebellum seems 
to be quite symmetrical ; its right and left halves present- 
ing the same measurements. Vnd, in regard to this 
p5int, it is important to observe hero that Prof. De Mor- 
gan had never suffered from any paralytic condition or 
affection of motility, so that my first imjiression that there 
ought to have ham an associated atro^jliy of the opposite 
lateral lobe of tlm Cerebellum (as in many cases of atrophy 
of one Cfrebrjii nemisphere) was seen, on further con- 
sideration, not to be Jell-grouiided. We may rightfully look 
for this in instances of atrophy of one Cerebral Hemisphere 
associated with unilateral motor Paralysis, but not in cases 
where ^e latter condition is absent, and in which one 
of thefHemisphqjrK seems to 1 e imperfectly developed 
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merely from the fact of its having lacked the stimuli 
which ought to have come to it through an all-important 
sense like that of Sight. This is a distinction important 
to be borne in mind. 

Some measurements have been made of this very un- 
symmetrical Brain of the celebrated Mathematician (whose 
mental powers were so gi*eat notwithstanding the inequality 
of its Hemispheres), and they^ have been placed side by 
side with figures obtained from other similar measurements 
of the well-evolved brain of the educated but comparatively 
obscure Journalist. The weight of this latter brain was 
5()Oz., so that it would have taken a high place if it had 
been incorporated with the table on p. 370. It will be ob- 
served that the left, as is frequently the case (see fig. 135), 
is slightly but distinctly longer than the right Hemisphere. 


Comparative Mkasukemknts or Two Brains. 


Anterior extremity of 
Frontal l.obo to upi^ercnd of 
FLsaure of Rolando. 

Inches. 

(L. 4i 
J)e Morgan j ^ 


Journalist 


(L. 

IB. 51 


Upper end of Fissure 
Uolaiido to uj»per end 
J^eiiBindiculur Fissure. 

Inches. 

Ab 

2 

2i . 
2 ? 


Up|)or end of PeryK'n. 
dicular Fissure to po'*- 
terior extremity of Occipi- 
tal Lol>e. 

Inches. 

2 

2 

2 ? 

2i 


Tip of Temporal Ix)lx) Ijower end of * Tip of Temporal Knd of Fissure 
to lower end of Fissure Fissure of Rolando Lobe to end of Kis- of Sylvius to \»pi)cr 
of Rolando. to upper end of sure of Sylvius. end of Porpeudi- 

Fissure of Sylvius. eular Fissure. 


Inches. 

f L. 2 

De Morgan | 2^ 

Journalist 


L 21 
K. 21 


Inches. 

Inches. 

Inches. 


35 

35 

n 

3J %- 

, 35 

1 

% 

35 

1 


4 


Another notaole difference often met with in European 
brains of higher type, serving to separate them such 
organs as that of the Hottentot Veni^s (fig. 
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in the shortness of the Sylvian Fissure. It may 
scarcely reach half way back to the upper end of the 
‘ perpendicular fissure,’ and may be separated therefrom 
by several convolutions instead of only by the descending 
limb of the ‘ angular gyrus,’ as is the case in the Chim- 
panzee ; or by this convolution together with the upper 
‘ bridging convolution,’ as in the two South African 
women. 

The Sylvian Fissure is most elongated in some of the Quadru- 
mana such as the Howler (p. ‘201), and also in the brains of the 
Siiirniri depicted by Gratiolet,* in each of which it extends back 
almost to the * great longitudinal fissure.* It is only slightly less 
elongated in the Squirrel Monkey, the Macaque and other allied 
forms (figs. lOo, 10(1) ; and is similarly long even in the Chimpan- 
zee.f It has been already pointed out (p. 315) that the length of 
the Temporal Lobe, and the extent of the posterior prolongation 
of the fissure of Sylvius, are also notable characteristics of the 
human fcxital brain. This feature is well shown in Gratiolet’s figure 
of the brain of a fintiis of about fij months. J 
This Simian and foetal characteristic of the organ reveals itself 
also even in the adult condition of some of the lower types of the 
Human Brain. It is seen, for instance, in the Hottentot Venus (fig. 
1’53) and to a less extent in the Bushwoman (fig. 13(5); also in the 
brain of the criminal Fieschi (of ‘ infernal machine* notoriety) 
as depicted by Gratiolet,§* and in that of the artizan Krebs as repre- 
s««ited by Wagner.j| In I<euret and Gratiolet’s figure of the brain of 
a * Charruas * (PL xix. fig, l)^Jiowcver, though it presents in other 
respects many infantile characters, we find the fissure of Sylvius 
’very short, just as it exists in some of the best developed human 
brains, e,g, that of Gauss, and still more notably in that of Do 
H organ, as well as in the Journalist above referred to. In both of 
these lattei; braiii#more Giau*.)ne-half of the Sylvian Fissure, as 
it exists in some of the (.^’^‘^drumana, has been obliterated — since 

* “ Anat. Comp. dufByst. Norv.,** PI. xxix. figs. 11 and VI, 
t Gratiolet, loc. cit. PL x.xiv. tig. fi. 
t Idem. I I. XXX. fig. 2. 

§ PI. fig. 2. 

‘ Vwstudien,** vi. fig. 2. 
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the measurements of these brains from the upper end of tlie 
* perpendicular Fissure ’ across the parietal lobe to the posterior 
extremity of the Sylvian Fissure, are just equal to the measure- 
ments from the latter point even as far as the tip of the correspond- 
inpf Temporal Lobe. 

This progressive shortening of the Sylvian Fissure appears not 
to have been distinctly pointed out before. Yet it would seem 
to be a change of precisely the same order as that which leads to 
the progressive obliteration of the ‘external perpendicular Fis- 
sure,* to which much attention has, been given by anatomists. 

The abovc-meiitioiicd shortness of the Sylvian Fissure 
in the more highly evolved brains tends to confer a 
corresponding shortness upon the Temporal Lobe. The 
proportional breadth of this segment of the brain is also 
decidedly diminished in the brain of Gauss. The broad 
simple convolutions of the Temporal Lobe in the Hotten- 
tot Venus (fig. 133) contrast notably with the much more 
complex corresponding gyri in the brains of the two 
jrathernaticians as well us in %it of the Journalist.’*^ 

The Occipital Lobe has a much greater depth in the 
brains of Gauss, Do ^lorgan and of the Journalist, than 
is to be met with in the lower human types previously 
described. Consequently in them the inferior-posterior 
border of the Cerebral Hemisphere, as it extends along 
the side of the Cerebellum, is much more nearly horizon- 
tal than it is in either of the two African women. In 
these latter, how'ever, an advance of the same kind is to 
be met with in comparison with what obtains in the Cere- 
bral Hemispheres of the great man-like jApes (p. 296). 

* In the brail, of the month Ftt)tua,ljind in that of Fieschi 
represented by Cratiolet (loc. cit., PI. xxx. ng. 2, and PI. xij. fig- 2) 
the Temporal Lob- *s are both long and broad, whilst in that of the 
new-born Infant ( xxx. fig. Jl), and in the brain of the * Oharruas 
(PI. xix. fig, 1), this same Lobe though short is still ^tremely 
broad. 
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In the higher forms of the Human Brain — as in those of 
Gauss and De Morgan, and also in the Journalist — the 
Temporal and Occipital Lobes of each Hemisphere together 
bear a much smaller proportion to the mass of brain* 



Pio. 144. -Under Surface of the Human nraii (Allen Thomson.) 

1, 1, <)re.at longitudinal fissure : 2, 2', 2", convolutions of vmdor frontal 

lobe; 2, 2, 3, nilingation to base of the fissu-o of Sylvius; 4 4,4', convolutmna 
of the temporai loho ocvit.ii-al lofc ; li, a itorior pyramids of i +• !«“■ 

Icrior extreiniJ> of n«u. loin, d cerebellum ; 7, 8, «, 10 . lobules of the Lateral lobe 
of thecembelhun. 1-lX. CranLu nerves, all but the first more Mly «een in next 
ligtiro. The ninth nerve o«ho right Hide has been removed. X. iiist coivical 
nerve. * 


substan^ comprised in the Frontal and Parietal Lobes 
than ij^ie case in brain of a io^Y(‘r type. In the lowei 
Quadrumana^ aJsif the Temporo-l ccipital segment of the 
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Hemisphere, instead of being much less, is about equal to, 
or it may be of even slightly greater bulk than, the con- 
joined Fronto-Parietal segment. Thus the proportions 
met with in the lower human types are, as it were, in- 
termediate between those 



Fio. 145. — Under Surface of Cerebral 


which obtain in the higher 
human types on the one 
hand and in the Quadru- 
mana on the other. 

The diminution in size 
of the Tomporo- Occipital 
segment in the brain of 
human beings generally, is 
perhaps more apparent than 
real. The very great in- 
crease in the size of the 
Frontal and of the Parietal 
regions is, at least in part, 
another means of accounting 
for the altered proportion. 
It is certain, indeed, that 


redniicle, Pons, .and Medulla, showing 
( 'onncctions of tho Cranial Norvos. (Sap- 
jKjy, after Ilirschfcld.) 

1, Infundibulum of pituitary body; 
2, part of floor of third ventricle ; 8, cor- 
pora mamillaria; 4. cerebral podnnoles; 
5, pons ; fl, optic nerves, cros.sing in the 
jniddlo line so as to form tho cbiasma ; 


the co,uvolations of the Tem- 
poral Lobes tend to become 
ipore complex in higher 
human brains, and it is 
equally certain that there 


7, common motor nerves of eyeball; 

8, norvns patheticus ; 9, trigeminus ; 

20, external ocular nerve ; 11, facial nerve; 
J2, auditory nerve; 13, nerve of Wrisbei^; 
24, glossopharyngeal nerve; 15, vagus or 
pneumogastric ; 10, spinal accessory ; 

1 7, hypoglossal nerve (cut away on one 
side). 


is also a tendency to an 
ffetual incrfcse in the size 
of the Occipital Lobes. In 
the m\^ro highly evolved 
brains these Lobes become 


deeper and also Mler and 
more rounded. There is, moreover, a notable in^^ase in 
the oomplexitv of the Occipital Convohft’ons. 
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The latter is a point of considerable importance, and 
not always sufficiently borne in mind by those who have 
dwelt upon the large size of the Occipital Lobes in 
many of the Quadrumana. If these parts seem to be 
relatively smaller in Man, it must not be forgotten that in 
Monkeys and in Apes their surfaces are smooth and com- 
paratively unconvoluted, whilst in Man, in proportion to 
their size, the area of superficial grey matter on the Occipital 
Lobes becomes en- 


ormously increased 
by reason of the 
number and depth 

their surface-fold- 
ings. 

Thus we find in 
the Brain of Man 
not so much new 
parts or regions, as 
an enormous deve- 
lopment of pre- 
existing parts and 
regions. Again, the 
fierce of such in- 
creased development 
is by no means 
everywhere the same. 



Fio. %46. - Section through tho left Occipital Ix»l>o 
of a Human Brain , showiiig the number and depth 
of its surface-foldings. 


These are both of them facts of great significance from a 


psychological ^int of ^ew — and especially from the 
point of view of that Psychology which has its roots 
in the general Phib^ophy of Evolution. 


One ^ the most notable peculiarities of the Human 
Cerebi||& is that, in variouH ways, its two Hemispheres are 
not quite symii^eJPically developed. 
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(1.) Though the situation of the ‘ primary ’ Fissures 
is subject to little variation in the two Hemispheres, 
still in the more highly convoluted Brains many of the 
separate Convolutions are apt to present differences in the 
number and arrangement of their minor folds or indenta- 
tions. Hence slight differences in the appearance of 
corresponding Convolutions on the two sides of the brain 
are occasionally to be met with ; although in different 
individuals the regions in which dissimilarity is most 
marked are by no means necessarily the same, nor is 
the greatest complexity always to be found on the same 
Hemisphere in these different regions. 

Much more has yet to be learned in regard to these 
points, but the broad conclusion is thoroughly warranted 
that this asymmcdrical development of the convolutions is 
only a little more marked in the lower Human Races than 
it is amongst the higlier Ajies, and that it becomes dis- 
tinctly most marked in the moi*e liighly convoluted brains 
pertaining to representatives of the higher or more 
civilized Hmnan Races. 

(2.) It has been noted l>y various anatomists that tlie 
left Hemisphere is very frequently f^lightly longer than its 
fellow, so that the tip of the left Occipital Lobe is apt to 
project distinctly ladiind that o^the right side. 

(3.) The writer noticed about lifteen years ago that a 
distinct difference in the shape of the tips of the Occipi- 
tal Lobes frequently exists* — that of the left side being 
generally tapering and rudely c«)nieal, wl^j^gt the right is 
often rather ffattened at the end and has at its inner border 
a groove-like depression about :Jth of^in inch in diameter 
(fig. 147). The direction of the groove from below up- 
W'ards, is also ii* .vards and forwards. 

♦ And snl ieqnently Ccalled attention to it in ** Trans, of J^ltholog* 
iSoc.,” 1'^ vol. XX. p, 4. V i 
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In a large proportion of brains, and, as it would seem, 
especially in those of Women, this conformation of the 
right Occipital Lobe exists to a well-marked extent. In 
others, it is only slightly marked ; whilst on rare occasions 
a more or less obvious groove exists on each side. In a 
still smaller number of cases a groove is met with at 
the tip of the left instead of the right Occipital Lobe, or 
it may be absent on both sides.* 

The Occipital Convolutions in the situation of the 
groove are distinctly depressed, but no projection from the 
inner surface of the skull or thickening of the membranes 
has ever been met with which could account for its forma- 
tion. Of late the writer has adopted the view that this 
‘ occipital groove * is due to the pressure exerted by the 
posterior extremity of the longitudinal sinus and the right 
side of the ‘ torcular 1 Ieroi>hili * or meeting-point of the 
venous sinuses (fig. 148). Why the pressure should be more 

• 

* III thirty-five consecutive post-mortem exammations the con- 
dition of the Occipital Ijobes has been noted, partly by myself and 
partly by Mr. J. T. Gadsby or ]Mr. C. E. Bcevor — my late able 
‘assistants’ at TTniv'Crsity College Hospital- -~with the view of 
ascertaining the relative frequency of these different conditions. 
The results are embodied in the following Tables: — 


^ Ta'u.e T. 

,1 

Table II. 


side. Sox. 

TotiU. 

Dtvroc. Sox 


If? 


'M. 

F. 

Kipht . . 15 la 

28 

3 . . . 1 

7 

I'Ctt. ..11 

2 

2 . . . 8 


Uoth SiJcjk a^i 

... « 

1 ... 10 

1 

Absent ..10 
20 15 ^ 

i 

f - 

0 . . . 1 

0 


05 

20 

15 


In Table IT under ‘ Degree,* the figure 3 signifies that the 
groove * very well marked 2, that it was ‘ moderately well 
ttiarked ^ and 1, thaj^t was only ' slightly marked.’ 


D D 
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on the right side than on the left is by no means clear. 
It might perhaps be occasioned by the slightly increased 
length of the left Hemisphere, pressing backwards against 
the left side of the ‘ torcular,’ and so diverting a larger 
current of the blood flowing along the longitudinal sinus 
towards the right. It has been long known, indeed, that 
the groove in the occipital bone for the right ‘lateral sinus’ 
is often distinctly broader than that for the left sinus^* — 



Fin. 1-J7. — Vfcw of Occipital I^o]>es aiifl of Ccrohcllnm from l)ohirKl, showinp the 
'Occipital Groove’ at the tip of the right, lleraiMj>hcre. (Worn a drawiog t>y 
V. Iforslcy.) 1, The Groove ; 2, 2, Kxtoi^al rcrpcndicular Fissure, c, c, The 
Cerebellum. 

thus conclusively showing that in all such cases, at least, 
the larger blood current is accustomed pass away from 
the craniuui along this side. ® 

(4.) The I jft Hemisphere was sd^ji by Dr. Boyd to be 
generally heavier than the right by nearly half an ounce. 
This, however, has been questioned by some investigators, 

fg. 23 of Gray’s “Anatomy” (3fd. Edn.), this 

oo&ditioii is well represented. 
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and actually denied by others to be a usnal condition. 


Some of the latter even affirm that though a difference 
often exists, the superiority in weight is most commonly in 
favour of the right rather than the left Hemisphere. This 
point cannot, perhaps, be definitely decided for the present. 
It is obvious that very great care is needed in making 
the sections through the , 


‘ cerebral peduncles * 
and ‘ corpus callosum,’ 
preparatory to such 
comparative weighings 
of the two Cerebral 
Hemispheres, and also 
tliat the weighings 
themselves inquire to be 
made with the greatest 
care. 

(5.) The writer many 
years ago ascertained 
that the specific gravity 
of the Grey Matter 
from the frontal parietal 
and occipital Convolu- 
tions, respectively, is 



T%o. 14S. — Postrrior PiagTiimmatic View of 


often slightly higher on Mater with (Jreat Venous Sinuses. (Todd.) 

. ® p ^ The po.stcrior portion of the Cranium and the 

the left than it is on poBtcriorarclv^sof the upiicr spinal Vert-ebne are 

the right Homisnhoro to be romovod. The longitudinal 

Iigub riemispncre, ^jj^us ; r, the • torcular llorophili/ where hmgi- 

though such l^ypperior tudftal and occipital .sinuses meet, and whence 

A _ 1 • , Mie lateral sinuses (c) diverge. 

density does not neces- 
sarily exist in each f f those regions in the same indivi- 
dual.^ This unexpected result frecjucntly, though not 
invariably, showed itself, ov n where every care was taken 
to get of sources of fallacy. Further observations are, 

* See “ Jouri^l« Mental Science . '* Tanuary, 1866, p. 49:3 
__ w -n n 
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liowever, also needed in regard to tliis subject, and other 
convolutions than those above named should be similarly 
tested.’'^ 


The Cerebellum and its Lobes. 

The Cerebellum or ‘little lhaiii,* in the erect posi- 
tion of the body, is situated behind and above the ‘pons’ 
and Medulla (fig. 132), and lies in a posterior hollow of the 
skull beneath the Occipital Lobes, from which it is sepa- 
rated merely by a membranous partition. This membrane, 
named the ‘ tentorium,’ is an internal horizontal prolonga- 
tion from the ‘ dura mater ; ’ the Occipital Lobes lie on it 
above, while the upper surface of the Cerebellum is in 
contact with it below. 

The relative weight of the Cerebellum as compare ;(! 
with the Cerebrum has already been referred to, and also 
the fact of the great and progressive development of the 
‘ lateral lobes * of this organ in the Quadrumaiia, and 
even more markedly in Man, as compared with tliat of tin} 
‘ middle lobe ’ — which in him becomes a relatively diminu- 
tive structure. 

No detailed reference to the relative development of 
the several parts of the Cerebellum will here be made, 
though the names of these parts may be ascertained by 
the reader who will carefully study figs. 149 and 150, and 
the references thereto. The comparative study of tlic 
parts of the Cerebellum ha« not, ind^vd? received that 
amount of attention from workers generally which has 
been bestowed upon the Cerebrum^ and even if it had 

• An increased number of ‘ intercellular processes ’ and fine ‘ con - 
misaurai fibres’ within the Grey Matter (making this patter a 
prn> imaf e more in character to the denser ‘ white substan^’l uiigat 
be cause 5. of such shghtly increased specific ^'avity. 
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been otherwise, the altogether subordinate importance 
of this organ in regard to Mind would quite justify us in 
dealing much more briefly with its external anatomy.''^ 

The whole external surface of the Cerebellum is scored 
by a very large number of ‘ fissures,’ some of which are 



FI 15 . U9. - Siirfiioo of the Ccrehollnin. (Suppey, after Tlirsehfehl.) i, I, 
S\iperi.)r ' vc nifonn process ’ (inithUo !< «be) whoso anterior extremity has been pushed 
luckwimis u order to show the Corj ra Qinuirigennna ; ‘J, posterior extremity of 
the snporior ar.«l inferior 'vermiform irocesses,’ and of the median fissure of the 
CereJiellum ; ;.fre!it circuiiiferfntial I'ssure; 4, great fissure of the upper surface 
which divide-s it into t\vo principal scg icnts • 5, ]v>stcrior of these segments in the 
forj^i of a crescent ; 0, 0, G, 0, G, anter r segment, quadrilateral, ami composed of 
five secondary curved segments like ]»receding- -each of these segments lacing 
composed of closely packed ‘huninav of different sir.cs, separated by fi.ssures of 
vjirying depths ; 7, 7, sections of the Cerebral Peduncles; S, ‘posterior commissuro ' 
of tlie Cerebnmi ; 9, Corpora Quadrigemina. 


much deeper than others. These deeper fissures are 
comparatkely #w in number, and they constitute the 
boundaries of the Jeveral ‘ lobes ’ and ‘ lobules ’ of this 
organ. Between tlrera are others more or less concentri- 
cally arranged, which vary much in length and depth. 

* A j^y elaborate work on the Cerebellum (“ Bau des kleinen 
Gehirn^,” richly initiated, lifka been issued by Stilling. 
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The number of these fissures of the second order has 
been computed to be from 600 to 800. They divide the 
surface of the Cerebellum into a multitude of ^ laminaB/ 
the nature and arrangement of which will be better ap- 
preciated after an examination of figs. 156, 162, 166. 



FfG. 150.— Inferior Surface of the Cerebellum. (Sappey, after Hirechfeld.) 1,1, 
Inferior vermiform proce.ss ; 2, 2, median flesure of the cerebellum : 3, 3, 3, li/bts 
and lobules of the cerebellar heml-phcres; 4, ‘ amygcLila ’ or almond -like lobe ; 
5, lobule of the pucumogastric ; t>, pons Varolii ; 7, median groove on the same ; 
8, middle peduncle of the cerebellum ; 9, cut surface of medulla ; 10, anrerit<r 
extremity of the great circumferential fissure; 11, anterior border of the nj)i^r 
surface of the cerebellum ; 12, motor root the trigeminal nerve ; 13, sensory root 
of the same ; 14, nerve of the external ocula^muscle ; 15, facial nerve ; 16, nerve nf 
Wriaberg; 17, auditory nerve; 18, glosso-pharyiigeal nerve; 19, pneumogastric 
nerve ; 20, spinal accessory nerve ; 21, hypoglossal nerve. 


According to Marshall, the Cerebellum of the Bnsh- 
woman was more prominent aUthe sideSj^nd proportion- 
ally wider and longer than in the European, though its 
outline was not so full and rounded, ^nd its actual bulk 
was less. As the result of laborious comparative investi- 
gations, he 8a}d, ‘‘the number of laminas in the Bush- 
woman’s Cerebellum agrees very closely with tha%^n the 
EorofHjan, the differences beioR probayy only such as 
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might be met with between individuals of either race.*' 
The relative number in the several parts was, however, 
found to be dilferent in some of the smaller lobes, and many 
of the laminie were also smaller and thinner. The slight 
deficiency in weight of the Bushwoman’s Cerebellum, 
“ depends essentially, according to Marshall, not on the 
absence of any parts or laminae, but on the narrowness of 
these latter ; for they arc* obviously much finer than in 
the European brain.” On the whole, ho considers that 
“ the Cerebellum in the Bushwoman is very well developed, 
and that, as an organ, it is far more completely evolved 
tliaii the Cerebrum.” 


Significance of the High Convolutional Development 
of the Human Cerebral Hemispheres. 

After tlie preceding description of the external configu- 
ration of the Human Brain, and now that the differences 
existing between it and that of the higher Apes have been 
detailed, such questions as these may naturally present 
themselves to the minds of many readers : — What is the 
precise significance of this more comiilcx convolutional 
d^elopmcnt of the Humjn Cerebrum ? and what signi- 
ficance is to be attached to the want of symmetrical 
development in the corresponding Convolutions of its two 
Hemispheres ? 

It has been ^y^viously peinted out that there are three 
principal types of convolutional arrangement — (1) that 
of the Herbivora, that met with among Carnivora and 
Cetacea, and (3) that of Quadrumana and Man. Wo 
have seen also that within each of these great groups, 
the de|#opment of the Convolutions peculiar to particular 
species has hitha^to soemtci to bo dependent in the main 
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upon the customary size attained by such animals* — • 
those that are small may have none, whilst allied animals 
of larger size may have more or less developed convolu- 
tions. Yet it certainly cannot bo said that larger animals 
are necessarily more intelligent than smaller animals. 

As to the reason of the greater convolutional develop- 
ment met with in larger animals Carl Vogt says t : — 

“ Happily, mathematics will assist iis here. On comparing two 
bodies of similar form but of different size, their rt?spective 
volumes vary as the cube of their diameters, whilst the proportion 
of the surfaces is as the square of the diameters, or, in other words, 
the volume of a body increases more rapidly than the surface, anil 
this more rapidly than the diameter. Every artillerist knows well 
that a twelve- pounder, though thrice as heavy as a four- pounder, 
does not nea rly possess a diameter thrice as large ... In applying 
this principle to the head, and especially the cranium of animals, 
it will be seen that in every natural group or order of mammals, 
the head, and especially the cranial capacity, stands in a certain 
relation to the body, which is nearly constant in the various species 
. . . that the surface of the internal cranial capacity is proportiofi* 
ately smaller in the larger animal, and that consequently, in order 
to .secure a similar surface of grey matter, it must bo convoluted 
ill the large animal, whilst it may remain smooth in the small 
animal.” 

If WO look tlion from a broad, genoral point of view at 
the problem as to the degree of importance to bo attached 
to the great convolutional ccfmplexity of the brain of 
Man, it is apt to appear, at first sight, that this particular 
feature may he a necessary appiiiuigc or sequence of the 
size of Man’s body, as comp|red with that of Monkeys 
and of Apes. Man, in respect of convoflhiioiifli develop- 
ment, appear‘> to stand far away tho head of the 
Quadrumauous type, just as tho Elepnant stands at tlio 
head of tlie lie bivorous type, and just as tho great V' bales 

* See p. 270. ^ 

f ” Le/tuves on Man ” (Authrop. Soc. Tripsin.), p. lOl. 
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occui^y a similar position at the head of the Carnivorous 
type. And further, the brains of the Elephant and of 
Cetacea show (like that of Man) a very decided lack of 
symmetry in regard to the precise disposition and shape 
of corresponding Convolutions in the two Hemispheres. 
The inferences, therefore, seem, at first, not without 
warrant that lack of symmetry is apt to go as a kind of 
mechanical accident with grg at complicacy of the Convolu- 
tions, and that this latter feature, if we compare animals 
of allied groups, is, in the main, in relation with the size 
of their bodies and the capacities of their Crania. 

But other important considerations have to bo kept in 
view. Thus, as Vogt says, we must bear in mind the fact 
that the ‘ cranial capacity' of Man is, in proportion to his 
bulk, enormously greater than that of any of the anthropoid 
Apes, and yet notwithslanding this very greatly increased 
size of the brain- chain her, the increased area thus obtained 
for superficial grey matter of Brain, does not prove nearly 
siifiicient for the needs of Man’s Intellectual and Moral 
Life : it has still to be increased by the occurrence of 
further secondary foldings in the C-erebral Convolutions. 

A striking illustration of these all-important considera- 
tions is to be found in the fact that the convolutional 
deVblopmeiit of the Gorilla’s brain is much simpler than 
that of Man’s, although the cranial capacities even of the 
lowest Men are so much greater than that of the Gorilla, 
and even though in bulk of body the great Ape often far 
surpasses them. We havotherefore increased complicacy 
of Convoliftion lowing itself in the brain of Man under 
such doubly adverse^genoral conditions as to make its 
oxistence all the more significant of the enormous advance 
^vhich has actually taken place in the development of the 
CerebruM. 

Again, seeing Hiat the increased convolutional com- 



410 


CONFIGURATION OF BRAIN. 


plexity of the Cerebrum in higher as compared with lower 
Human Eaces is also associated with an enormous increase 
in ‘ cranial capacity * and weight of Brain — though 
bodily stature remains practically the same — we have hero 
further evidence as to the vast development of the 
Cerebral Hemispheres that has taken place during the 
long roll of centuries, whilst the ancestors of present 
civilized races have been gradually raising themselves 
from pristine states of savagery and barbarism. 

The high convolutional development of the brain of 
Man is, therefore, a matter of altogether greater signifi- 
cance than the same feature in Elephants and Cetacea, 
seeing that it clearly is not in him, as it is to a consider- 
able ext(mt with them, a mere correlative of great com- 
parative size of body. 

It is quite possible, however, that tlie relation betwo(‘i] 
high convolutional complexity of the Human Cerebrum and 
high Intellectual and Moral Attainments may be general, 
rather than special and invariable. This relation may, 
indeed, be very similar to that which has been shown to 
obtain in human beings between high J^rain-weights and 
superior Mental Attainments and Powers. Prevailing 
tendencies decidedly favour such coincidences, and yet, 
as W’e have seen, notable exceptions may from time to 
time be encountered. In suijsequcnt chapters it will be 
pointed out that there is a functional inequality between 
the two Cerebral Hemispheres, so that the asymmetrical 
development of their other^\^i8e corre^nding convolu- 
tions may be, at least in part, due to this fac£! 



CIIAPTEE XXII. 

FROM BRUTE TO HUMAN INTELLIGENCE. 

‘‘ Man as a being who reasons is dependent upon the 
form of Language which he employs, to an extent that 
can scarcely be over-estimated. It is by virtue of this, 
in great part, that he attains to such skill and excellence 
ill tlie carrying on of complex mental processes. And if, 
in attempting to bridge in the faintest way the great 
intellectual and moral gap which sunders man from the 
highest of the inferior animals, we say that he alone is 
possessed of the power of speaking and of using Articulate 
Language, we probably fix upon that power which, infi- 
nitely above all others, has had to do with the gradual 
progress that seems to have taken place during the lapse 
of ages — a progress wdiich has enabled particular races of 
man to advance through the multitudinous grades of 
civilization intervening bctw'een those who lived in the 
condition of savages, and ?hose wdio now constitute the 
flower of European civilization. If then the possession of 
Articulate Speech, with the superadded accomplishments 
growing out of tl^, of transmitting thought by means of 
Written anef primed symbols, have had such an over- 
whelming influence aiding certain races to elevate 
themselves out of a condition of the rudest barbarism, it 
seems even more certain still that Thought in all its 
higher lydes could not bo carried on at all without thd 
aid of language o^ome kiinl.’’ 
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This passage, which formed the introduction to an 
article on ** The Physiology of Thinking,” written some 
years ago,* may he taken as the text of tho present; 
chapter. 

Views very similar to these had previously been enforced 
by Herbert Spencer, Huxley, and others, and they have 
grown much in public recognition during the intervening 
period, especially through the able advocacy of one whoso 
loss we have now to deplore. Though the doctrines ex- 
pressed by (t, H. Lewes were not perhaps so novel as liis 
language seems to imply, yet ho lent them new force, and 
developed them in a fuller and more precise manner than 
had been done by other writers. 

The most obvious use of Language is of course as a 
means of definite communication between man and man. 
In his Laws of Thought,” Thomson says (pp. 37-39 and 
47): ‘‘We might dispense with articulate speech for 
certain purposes, and might make gestures and changes 
of the countenauce, which arc the language of action, 
supply its place. But actions and the 2 )lay of feature.-?, 
whilst they serve to express love or hatred for soiuo 
present object, need of food or rest, joy or sorrow, can 
but express a very small and confiinal list of thoughts, if 
we would indicate our feelings towards an absent person, 
or our wish for something af a distance, or would direct 
attention to some inward state or sentiment • . . Hence 
it is necessary to appro 2 >riatc to every object a signal, 
always available, which all^mcn hy a tacit convention 
accept as a substitute for the object, %nd which, there- 
fore, recalbo the object to the tancy whenever it is 
employed ; and such a signal is a noun or name . . • • 
Name:-, howe ,er, are representatives of things; and the 
different states of things must find an expressioi^Jikewise, 

* “ Fortnightly Review,” Jani^iry, 1869. 
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hence the need of adjectives and verbs. The verb has 
the power of assigning to the thing at a particular time 
the condition of being, doing, or undergoing something. 
. . . When two or more names come together, it is 
frequently necessary to express the mutual relation in 
which they stand ; a thing may be to, from, by, in, near, 
above, below another, and prepositions are inserted to 
determine this. Here then, are the four principal j)arts 
of speech, substantives, or names to express substantives, 
adjectives to stand for attributes, prepositions to denote 
relations, and a single verb to assign attributes or rela- 
tions to substantives at a determinate time.'* 

‘‘ The various parts of speech took their origin from the 
noun and verb, or possibly from the noun alone. Many 
instances can be found of adverbs and prepositions which 
are distinctly sul)stanlives, and of conjunctions which are 
but parts of verbs. Then the close connexion between 
the verb and noun is indicated by the number of words 
which, in our own language, are both verb and noun, and 
only distinguished by mode of pronunciation.** 

“ It is impossible to trace the growth of language with 
certainty; luit it is mojit probable that many of the roots 
of the primitive language W’erc originally imitations of the 
various sounds emitted b;^ things in the natural world. 
A bird or animal, perhaps, received a name derived from, 
J^ud resembling, its own peculiar utterance. The cry or 
exclamation that man emitted instinctively under the 
pressure of so n^ strong ficling, would bo consciously 
leproducedlo represent or recall the feeling on another 
Occasion : and it th(^ becomes a word or vicarious sign. 
Where natural sounds failed, analogy would take the 
place of imitation ; words Inn'sh and dillicult to pronounce 
^^ould l^proforred to stand for nnpicasing objects, over 
those of a more ]^iud and lacile haracter, v hich w^ould 
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be appropriated to pleasant things and conceptions. 
There agreement among those who used the language, 
would be sufficient to stamp a vocal sound as the name of 
a certain object, where neither imitation nor analogy 
suggested one. But these original roots, the simplest 
form of substantives, would gradually become less and 
less discernible as the language grew richer and more 
intricate. Wherever new arts are practised, we may 
easily find opportunities of watching the growth of new 
names for its instruments and processes, guided by these 
three j^rinciples, imitation, analogy, and mere con- 
vention.” 

“ These are but slender hints,” says the author (now 
Archbishop of York), ‘‘of the direction in which profound 
and acute researches have been made. And I do not 
think that such attempts to dissect and analyze language, 
pursued with proper caution, tend at all to lower our 
estimate of the importance of the gift of speech, or of 
its marvellous nature.” This will, perhaps, be a con- 
solatory admission to many persons. It is further not 
without interest to find another highly ttcute and philo.so- 
jdiical Doctor of Divinity writing as follows"^ : — 

“ In inquiring how far the same process, can account 
for the invention of language, which now takes place in 
the learning it, the real questfon at issue is simply this : 
Is the act of giving names to individual objects of sense a 
thing so completely beyond the power of a man created in 
the full maturity of his facul^es, that we must suppose a 
Divine Instructor performing precisely uie sifhie office as 
is now performed for the infant ll^^ his mother or his 
nurse ; teaching him, that is, to associate this sound with 
this siffht? ” This question maybe asked in the interests 
of a human race naturally evolved, with as mucl^cogei 7 
Dr. Mansel, “ Prolegomena Lo^gca,” p. 20. 
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as in reference to the hypothetical man “ created in the 
full maturity of his faculties.** 

An endowment like Articulate Speech, when once 
started — whether by some hidden and unknown process 
of natural development, or as a still more occult God- 
sent gift to Man — was by its very nature almost certain 
to have led its possessors l^y degrees along an upward 
path of cerebral development. How slow and tardy the 
process has been we are now beginning dimly to perceive, 
by reason of those researches which have made known to 
us the great antiquity of the Human Race and the far 
remote period of Man’s appearance upon this Earth. 

Anterior to historical epochs, the Men who were the 
contemporaries of the great Mammoths, whose remains 
are found in the Post-Tertiary Drift, those of the Bone- 
Caves, those of the Shell-heaps and the Peat-bogs, as 
well as those of the Cromlech period and the Early Lake- 
dwellings, lived for untold ages in a state of simplicity 
and barbarism far greater than that which still continues 
among many of the savage and semi-savage races covering 
so large a proportion of the Earth’s surface. 

Progress, in the early stages of human history, was 
iie(?essarily so slow as to have seemed almost absent, even 
if wc mark time by centuries. Gradually, however, as a 
nomtid life gave place to a more complex communal life, 
the advantages of co-operation 'would show themselves in 
many ways. Tim commciK^ment of a developing Social 
Organization necessarily entails a greater diversity in 
the relations of maijP Avith man, which Avould naturally 
t)ecomo reflected in their Language, and proportionately 
increase the area of their tliought-processes, by giving 
birth to ^w exercises, or, at all events, by greatly strength-, 
ening certain prcjiioasly embryonic menta’ processes. 
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Increased Sympathy, as well as an increased recognition 
by each unit of the ‘ social organism ’ of what he might do 
for the gratification of his own wants or desires without 
bringing j)ain upon himself through the anger of his 
fellows, would gradually tca(di him the necessity of sul> 
ordinating within certain limits his realization of egoistic 
impulses, and the need, even for the sake of his own 
happiness, of continually bearing in mind the wants aiul 
wishes of his fellow-men. 

Sympathy we have seen to have been begotten even 
in the breasts of many dumb animals, when tliey have 
learned to recognize in their fellows the outward signs of 
that which they remember as a condition of past distress 
for themselves. The ideal recurrence of such a state, 
coupled with a perception implying the similar present 
suftering of another, prompts to actions for its relief. In 
such exercise of mere brute Sympathy, wo have one of the 
most imjiortant germs of those altruistic feelings wliicli 
attain so much hnaidth and power in liiglier races of IMaii. 

Equally important, however, among savage races, are 
those limitations wdiich ‘expediency’ comi)els the individual 
to recognize, as imposed by liij fellow-men upon the 
freedom of his own actions. Such considerations, in 
concert perhaps with a strengthening Sympathy, gra- 
dually tend to build up within him an inward monitor, or 
• Conscience,’ at the same time that there arise embryo 
notions of Right and Duty, constituting the foundations 
of a dawning ‘ Moral Sense.’ • Having s^h an origin, the 
impulses of such a ‘ faculty ’ cannot fail to harmonize with 
prevalent opinions and influences^ As G. H. Lewes 
Bays* : — 

“There cannot bo moral relations apart from Society • • • * 
Intellect and the Conscience are social functions; and t^^r spec.a 

* “ Problems of Life and Mind,” i. p. 173. 
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manifostations are rigorously determined by social Statics, i.e. the 
state of the Social Organism at the time being, which they in their 
turn determine. The Language we think in and the conceptions 
we employ, the attitude of our minds, and the means of investiga- 
tion, are social products determined by the activities of the 
Collective Life. The laws of intellectual progress are to be read 
in History, not in the individual experience. We breathe the 
social air: since what we think greatly depends on what others 
have thought.” 

The power of Language in aiding cerebral development 
and thinking processes, although it must have been great 
from the first, and ever tending to increase, did not reveal 
itself so forcibly till means had been adopted for the 
preservation and communication of human e.xperience 
and thought from generation to generation, by means 
eitlier of Hieroglyphics or more modern forms of Writing. 
When these came into common use, and when, more espe- 
cially, Printing had been adopted and books began to 
circulate, then at last Language began to exercise its full 
influence as an aid to and developer of Thought. For 
although oral tradition is vastly better than no means at 
all, for eomrauiiicating ‘ experience ’ and Thoughts from 
one geuenition to anotlier, it is poor indeed compared 
wit^i the facilities afiorded by printing and the common 
distribution of Books. Wi^h these latter means in exist- 
ence, the Thoughts of man may go on accumulating from 
age to age, forming a record of his complex relations to 
nature generally, to his fellows, and to that Social Organ- 
ism, in particulqi^ of which^he and they form parts. 

Language is, however, indispensable not merely to the 
communication, but |o the formation of Thought, since it 
favours the birth of Concepts or General Notions, and is 
essential both for their ‘ pre ervation * and familiar ‘ use.’ 

In hjj^ “ Prolegomena Logica ” (pp. 19, 20, 29-31), 
Maiisel says ; — ^ 
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“ To the child learning to speak, words are not the signs of 
thoughts, but of intuitions [/ Presentations of Sense’]: the words 
man and liorsa do not represent a collection of attributes, but are 
only the name of the individual now before him. It is not until 
the name has been successively appropriated to various individuals, 
that reflection begins to inquire into the common features of the 
class. Language, therefore, as taught to the infant, is chroiiu- 
logically prior to thought and posterior to sensation .... All 
concepts are formed by means of signs which have previously been 
representative of individual objects only .... Similarities are 
noticed earlier than differences ; and our first abstractions may be 
said to be performed for us, as we learn to give the same name to 
individuals presented to us under slight, and at first unnoticed, 
circumstances of distinction. The same name is thus applied to 
different objects, long before we learn to analyze the growing 
])Ower8 of speech and thought, to ask what we mean by each 
several instance of its application, to correct and fix the significa- 
tion of words used at first vaguely and obscurely. To point out 
each successive stage of the process by which signs of intuition 
become gradually signs of thought, is as impossible as to point out 
the several moments at which the growing child receives each 
successive increase of its stature.” 

This important opinion of Maiisel, that without ‘ signs ’ 
or Names we could not form Concepts at all, is in opposi- 
tion to a commonly entertained 'view, that “we muse 
have had the concept before we could have given it a 
name,’' but it is one which, as J. S. Mill puts it, 
Mansel justly enough bases uj)on the view that “ names 
when first used are names only of individual objects, but 
being extended from one object to another under the law 
of Association by Kesemblafice, they %3conje specially 
associated with the points of resemblance, and thus 
generate the Concept.” Sir WilliJm Hamilton thinks, 
however, that we may be able to ‘ form ’ simple concepts, 
though scarcely to ‘ preserve ’ them without the aid ol 


* “Exam, of Sir Wm. Hamilton’s Phi^sox^hy,” p* 
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signs. ‘‘A word or sign,” lio says,* ‘‘ is necessary to 
give stability to our intellectual progress, to establish 
each step in our advance as a new starting-point for our 
advance to another beyond. A country may be overrun 
by an armed host, but it is only conquered by the 
establishment of fortresses. Words are fortresses of 
thought. They enable us to realize our dominion over 
what we have already overrun in thought ; to make every 
intellectual conquest the basis of operations for others 
still beyond .... Though, therefore, we allow that 
every movement forward in language must be determined 
by an antecedent movement forward in thought ; still, 
unless thought be accompanied at each point of its 
evolution, by a corresponding evolution of language, its 
farther development is arrested.” On a previous page he 
had said : — The concept thus formed by an abstraction 
of the resembling from the non-resembling qualities of 
objects, would again fall back into the confusion and 
infinitude from which it has been called out, were it not 
rendered permanent for consciousness, by being fixed and 
ratified in a verbal sign.” 

While there seems to bo good reason for believing 
with Mansel, that General Notions or Conccjpts cannot be 
formeii without the aid of ^igns, this doctrine must be 
received with a certain reservation, which tends, however, 
to support the opinion of Sir William Hamilton. Signs 
sue necessary ; but, for the formation of simple General 
Notions, ‘ Visual JImages ' iiAy take the place of Words. 

On this subject J. S. Jtill says ; — “ The signs need not bo avti- 
ficial; there are such things as natural signs. The only reality 
there is in the Concept is, that we are somehow enabled and led, 
^ot once or accidentally, but in the 'ommon course of our thoughts,, 
to attend |p|^cially, and more or less exclusively, to certain parts 

* “ L^ures,” voL iiL pp. i?S-140, 
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of the presentation of sense or representation of imagination 
which we are conscious of. Now, what is there to make us do this ? 
There must be something which, as often as it recurs either to our 
senses or to our thoughts, directs our attention to those particular 
elements in the perception or in the idea: whatever 'performs 

this office is virtually a sigti ; but it need not be a word: the 
process certainly takes place to a limited extent, in the inferior 
animals ; and even in human beings who have but a small voca- 
bulary, many processes of thoughj; take place habitually by other 
symbols than words. It is a doctrine of one of the most fertile 
thinkers of modern times, Auguste Comte, that besides the logic 
of signs, there is a logic of images, and a logic of feelings. In 
many of the familiar processes of thought, and especially in uncul- 
tured minds, a visual image serves instead of a word. Our visual 
sensations — perhaps only because they are almost always present 
along with the impressions of our other senses — have a facility of 
becoming associated with them. Hence the characteristic visual 
appearance of an object easily gathers round it, by association, the 
ideas .of all other peculiarities which have, in frequent experience, 
co-existed with that appearance: and summoning up these with a 
strength and certainty far surpassing that of the merely casual 
associations, which it may also raise, it concentrates the attention 
on them. This is an image serving for a sign — the logic of 
images. The same function may be fulfilled by a feeling. Any 
strong and highly interesting feeling, connected with one attribute 
of a group, spontaneously classifies all objects according as they 
possess or do not possess that attribute. We may be tolerably 
certain that the things capable of satisfying hunger, form a per- 
fectly distinct class in the mindr.of any of the more intelligent 
animals ; quite as much so as if they were able to use or understand 
the word food.*’ 

Whilst it seems possible, therefore, that simple 
General Notions may be formed aroulC and called up 
by Feelings, and consequently by^he Images of these 
(and especially by Visual Images) ,Ht is also clear that 
Words are much more potent Signs, since in addition to 
the aid which they afford in the formation of General 
Notions, they carry with them the power of being us®^ 
as means of communicating Thoughtt( ^.nd, therefore, of 
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strengthening them by repetitions and mutual inter- 
changes, during the daily life of the units of any tribe, 
race, or nation of Human Beings. 

As Thomson says * : — “ Language, the close-fitting 
dress of bur thoughts, is always analytical, it does not 
body forth a mere picture of facts, but displays the 
working of the mind upon the facts submitted to it, 
with the order in which it regards them .... the 
same language becomes more analytic as literature 

and refinement increase. This property indicates, as 

we should expect, corresponding changes in the state 
of thinking in different nations, or in the same at 

different times. With increasing cultivation, finer dis- 
tinctions are seen between the relations of objects, 
and corresponding expressions are sought for, to denote 
them; because ambiguity and confusion w’ould result 
from allowing the same word, or form of words, to 

continue as the expression of two different things or 
&cts .... A discovery can hardly be said to be secured, 
until it has been marked by a name which shall serve to 
recall it to those who have once mastered its nature, and 
to challenge the attention of those to whom it is still 
strange. Such words* as inertia, affinity, polarisation, 
gravitation, are summaries of so many laws of nature, 
and are so far happily clAisen for their purpose, that, 
except perhaps the third, each of them guides us by its 
etymology towards the nature of the law it stands to 
indicate .... Names then are the means of fixing and 
recording tke r^ults of trains of thought, which without 
them must be repeatid frequently, with all the pain of the 
first effort . . . . jtt the distinctions between the rela- 
tions of objects grow more numerous, involved, and subtle, 


* J'Laws of Thought,” p. 28. 
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it becomes more analj^tic, to be able to e^tprcss them : 
and inversely those who are born to bo the heirs of a 
highly analytic language, must needs learn to think uj) to 
it, to observe and distinguish all the relations of objects, 
for wliich they find the expressions already formed, so 
that we have an instructor for the thinking powers in that 
speech, which we are apt to deem no more than their 
handmaid and minister.” 

Leibnitz, in an imjDortant passage concerning tlio 
symbolical nature of many of our processes of cogni- 
tion or thought, was the first to call attention to a kind 
of fusion or identification of Thought and Word, which is 
habitually taking place in our ordinary mental processes. 
General and abstract names or words arc often, as 
Thomson says,^ ‘‘ Symbols both to speaker and hearer, 
the full and exact meaning of which neither of them stops 
to unfold, any more than they regularly reflect that every 
sovereign w’hich passes through their hands is equivalent 
to 240 pence. Such words as the state, happiness, 
liberty, creation, are too pregnant with meaning for ns 
to suppose that wo realize their full sense every time wo 
read or pronounce them. If we attend to the working of 
our own minds, ’we shall find that each word may be 
used, and in its proper place and sense, though perhaps 
none or few of its attributes are present to us at the 
moment.” 

The process of Conception by which such general or 
Abstract Notions are arrived at, is only possible by a prior 
use of Language ; and the marking ol^ the»e complex 
notions by Words subsequently to be^^sed as ‘ symbols ’ or 
counters equivalent to such Notions, Ife a fusion into one 
of cerebral Thought-processes and Word-processes— the 
Word in future is the Thought. 

* Loc. cit. p. 3G. 
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After tliese brief observations concernin'^ the growth 
and functions of Language, and as to its use in aiding 
the development of Mind, we may turn to the views of 
Gr. H. Lewes concerning the transition from Brute to 
Unman Intelligence, and on the subject of the further 
powerful influence exerted by Language, when acting in 
concert with Social Influences generally — the influences 
tliat is, which are brought to bear upon Men as units in a 
gradually developing Social Organization. 

He says * : That animals have sensations, appetites, 
emotions, instincts, and intelligence — that they exhibit 
memory, expectation, judgment, hope, fear, joy — that 
they learn by experience, and invent new modes of satis- 
fying their desires, no philosopher now denies. And yet 
the gap between animal and human intelligence is so 
wide, that Philosophy is sorely puzzled to reconcile the 
undeniable facts.” . • . ‘‘Animals having organs closely 
resembling our own, and feelings closely resembling our 
own, have little or nothing of the highest order of mental 
activity ; Animals are intelligent, but have no Intellect ; 
they are sympathetic but have no Ethics ; they are 
emotive, but have no Conscience.” . . . When it is 
said that Animals however intelligent liave no Intellect, 
the^meaning is that they have i3erceptioiis and judgments, 
but no conceptions, no general ideas, no symbols for 
logical operations.f They are intelligent, for wo see 
them guided to action by Judgment; they adapt their 
actions by mea^ of guidii^g sensations, and adapt things 
to their enfls. xheir mechanism is a sentient, intelligent 
mechanism. But t^ey have not Conception, or what we 

* “ Problems of Life and Mind,” vol. i. pp. 152, 154, and 156. 

t To a limited extent, as already stated, there is reason to believe 
that annals do carry on some such mental processes, not of course 
hy Wora-Synihols, but by means of Visual Images. 
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specially designate as Thought, Le. that logical function 
which deals with generalities, ratios, symbols, as Feeling 
deals with particulars and objects, a function sustamed 
hy and subservient to impersonal^ social ends. Taking 
Intelligence in general as the discrimination of means to 
ends — the guidance of the Organism towards the satisfac- 
tion of its impulses — we particularize Intellect as a highly 
diflerentiated mode of this function, namely, as the 
discrimination of symbols, this differs from the rudi- 
mentary mode, out of which it is nSver thole ss an evolution, 
as European Commerce differs from the rudimentary 
Barter of primitive tribes. Commerce is impossible 
except under complex social conditions out of which it 
springs ; and its operations are mainly carried on by 
means of symbols w^hich take the place of objects ; tho 
bill of invoice represents the cargo ; the merchant’s signa- 
ture represents the payment. In like manner Intellect is 
impossible until animal development has reached the 
human social stage ; and it is at all periods the index of 
that development ; its operations are likewise carried on 
by means of symbols (Language) which represent real 
objects, and can at any time be translated into feelings 
, . . betw’^een the extremes of human Intelligence — say a 
Tasmanian and a Shakespeare — there are infinitesimal 
gradations, enabling us to follow the development of the 
one into the other, without the introduction of any esseii' 
tially new factor. But between animal and human Intel- 
ligence there is a gap, which cp.n only be bridged over by 
an addition from without. That bridge tii th^ Language 
of symbols, at once the cause and efffrpt of Civilization.” 

Again, the same writer remarks * : — An animal 
suffers from a physical calamity, seeks to escape from it, 


Loc. cit. pp. 168, 169., 
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but never seeks to understand and modify its causes. 
The savage also suffers, and seeks to escape. But he 
wonders, speculates on the causes, hopes to master them 
by invocations, or incantations. The civilized man tries 
to understand the causes, that he may modify them when 
they arc modifiable, and resign himself to them when 
they arc unmodifiable. The animal has only the Logic 
of Feeling to guide his actions. He observes and con- 
cludes, never explains. The man has besides this the 
Logic of Signs : he observes and explains the visible 
series by an invisible series. The one has only know- 
ledge of particular facts, the other a knowdedge of general 
facts.” 

In the progress of Intellectual Development there is 
exhibited an ever-increasing tendency to deal with more 
and more remote Conceptions, and with indirect mental 
processes which detach the mind further and further from 
Sensible Observation. It may be illustrated, as G. H. 
Lewes says,'*' by the stages of numerical calculation. 

“Man begins by counting things, grouping flicm visibly. He 
then learns to count simply the numbers, in the absence of the 
things, using his fingers and toes for symbols. He then substitutes 
abstract signs, and Aritltmctic begins. From this he passes to 
Alggbra, the signs of which are not onl}^ abstract but general ; and 
now he calculates numerical re]|Ltions not numbers. From this he 
passes to the higher calculus of relations .... In consequence of 
this development of Intellect — i.e., of the interest in remote means 
substituted for direct ends — man acquires his immense superiority 
over animals in achieving the final end. It is thus, and tlius only, 
that he is enj.bled^ ihodify tht course of events. It is thus that 
Sentience becomes Scimice, facts are condensed into laws, and 
ilirect vision is miiltipliA and magnified by remote prevision.” 

“ The absurdity of supposing that any ape could, under any 
normal circumstances, construct a scientific theory, analyze a fact 
into its exponent factors, frame to himself a picture of the life led 

* Loc. cit. p, 171. 
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by bis ancestors, or consciously regulate his con duct with a view 
to the welfare of remote descendants, is so glaring, that we need 
not wonder at profoundly meditative minds having been led to 
reject with scorn the hypothesis which se(?lcs for an explanation of 
human Intelligence in the functions of the bodily organism common 
to man and animals, and having had recourse to the hypothesis of 
a spiritual agent superadded to the organism.” 

“ But,” he adds,* “the savage is not less incomi^etent than the 
animal to originate or even understand a philosophical conception; 
the peasant would be little better than the ape, in presence of the 
problems of abstract science ; and it would be hopeless to expect 
cither of them to weigh the stars, or to understand the equation g 
of curves of double curvature. Nor are the moral conceptions of 
the savage much higher than those of the animal. Bis langua'vo 
is without terms for Justice, Sin, Crime: he lias not the ideas. 
He understands generosity, pity, and love, little better than tlio 
dog or the horse does. His intelligence is mainly confined to 
perceptions and sentiments. His aims arc almost all immediate 
and practical, rarely remote, never theoretical. The most intelli- 
gent inhabitants of Guiana, though far removed from primitive 
8avagery, could not believe that Humboldt had left his own 
country and come to theirs * to bo devoured by mosquitos for the 
sake of measuring lands which were not his own.’ .... All the 
materials of Intellect are images and symbols, all its processes are 
operations on images and symbols. Language — which is wholly 
a social product for a social need — is the chief vehicle of symbol- 
ical operation, and the only means by which al.>straction is cftecteJ. 
Without Language there can be no meditation, no theory, no 

Thought, in the special meaning of that term.” 

« 

But as we have already bintod, concurrently with tlic 
development of Man’s Intellectual Nature, there gradually 
emerges, in response to other aspects of the same general 
influences and conditions, wh&t is knolfca asb his Moral 
Nature. ^ 

As Lewes sayst: — '‘Man’s individual functions arise 
in relations to the Cosmos ; his general functions arise 
in relations to the Social Medium ; thence Moral Lite 

* Ijoc. cit. pp. 158* 167. t Loc. cjf. pp. 159, 17 
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emerges. All the animal Impulses become blended with 
linman Emotions. In the process of evolution, starting 
from the merely animal appetite of sexuality, we arrive at 
tlie purest and most far-reaching tenderness ; from the 
merely animal property of Sensibility we arrive at the noblest 
heights of Speculation. The Social Instincts, which are 
the analogues of the individual Instincts, tend more and 
more to make Sociality dominate Animalit}^ and thus 

subordinate Personality to Humanity Thus the 

liiiman Intellect emerges from animal Intelligence, and 
develops a vast independent creation, having the whole 
Cosmos and Humanity for its material. Concurrently 
with tin’s, the Moral Intelligence develops its system, 
lioth Intellect and Conscience are products of the animal 
impulses and social impulses acting and reacting. While 
the Intellect is mainly occupied with the relations of the 
Cosmos and its History, having the ultimate aim of 
making these subservient to practical needs, the Con- 
science, or Moral Intelligence, is mainly occupied with the 
r(dations of humanity — human needs and human actions 
— having the ultimate aim of conforming our conduct to 
those relations, harmonising our impulses with the 
impulses of others, thus aiding others and gratifying 
oui’^elves.” 



CHAPTER XXIII. 


THE INTERNAL STRUCTURE OF THE HUMAN BRAIN. 

The internal structure of the Human Brain is so complex, 
and at the same time so very imperfectly known, as to make 
it difficult to give any account of it which shall be intel- 
ligible to the majority of readers. The adequate com- 
prehension even of its general plan or groundwork will 
require a full amount of attention. In the present chap- 
ter multitudes of technical details, whose significance is 
cither unknown or incapable of being appreciated by any 
one who has not previously made a close study of the 
subject, will be excluded. The discussion of such details 
may be found in more technical and purely anatomical 
works. 

By tracing upwards some of the more elementary forms 
of the Nervous System met wuth*^ among Invertebrates, 
and afterwards describing the principal external or grosser 
variations of the Brain as they present themselves in the 
Vertebrate Series, the best preparation has perhaps been 
made for such a study of the structure of the Brain of 
Man, as is compatible with the jdan of this work. The 
reader will thus have been gradually tntroc^uced to the 
representatives of the several jiarts of the Human Brain, 
and the description of this organ ought thereby to have 
been rendered both simpler and more interesting than it 
would otherwise have been. No parts absolutely new will 
be met ^vith, though it will not be difficult to n5i3 many 
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differences in regard to the absolute or relative size of 
divisions of the Brain, with which the reader is already 
familiar from their occurrence in lower animals. The 
possession of a basis of comparison of this kind can 
scarcely fail to infuse great additional interest into the 
study of the brain of Man, and it will often obviate the 
necessity for anything like lengthy descriptions. 

What is to be said in this chapter as to the internal structure of 
the Human Brain may be most conveniently grouped under the 
following headings: — (1) Internal Topography of the Human 
Brain; (2) Distribution of the Fibres composing the Cerebral 
Peduncles, with an account (a) of their relation to the Thalami 
and Corpora Striata, and (h) their relations (as well as that of 
Fibres which simply issue from, or go to, these great Ganglia) 
with different parts of the cortex of the Cerebral Hemispheres ; 
(^1) The microscopic anatomy of the Cerebral Convolutions ; (4) The 
relations of the Commissures of the Brain, including (a) those 
connecting similar regions in the two Hemispheres, (?>) those con- 
necting different regions in the same Hemisphere, and (c) those 
bringing the Cerebellum into relation with the Cerebral Hemi- 
spheres; (5) The general structure of the Cerebellum and its 
relations with other parts; (6) The microscopic anatomy of the 
Cortex of the Cerebellum ; (7) The central connections of the 
various Cranial Herves ; [8) The relations of the Visceral System 
of Nerves with the Brain. 

1.— Internal Topography of the Human Brain. 

The nature of the ‘ lateral ’ and other Ventricles, and 
the relations of all of them, except the fifth, to the origin- 
iilly wide^cany^of the |h-imitive Cerehro- Spinal Nerve 
Tube, has already been indicated (pp. 267, 333, 338). 

The Lateral Vj^itricles in tlie healthy and well- 
developed Human Brain are comparatively narrow 
cavities, represented in the main by three spurs or 
'corniif/ (Fig. 151.) The arrangement of parts in and 
about these Lq|lral Ventricles is essentially similar to 
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that met with in the higher Apes, in whom the 
previously much-talked of ‘ posterior cornua ’ exist, as 
well as the small swelling (‘ hippocampus minor ') on its 

inner side, which corres- 



Pifj. 1/>1. — The Lateral Ventricles and their 
Cornua, with Contiguous Structures. (Alter 
Sharpey.) The upper portions of the Heiui- 
spheres have been cut away ; the Fornix (c) 
has boon cut across and reflected, so as to 
show the ‘velum interpositum ' {d, c<)and the 
great veins of Galen which convey blood away 
from the central jjarts of the lirain, including 
the f’ori)(jra Striata {b ) ; a, e, </, arc the three 
cornua of the Ventricles ; /, llijipocanipu^ 
major (to show which the brain substance has 
been cut away still more on the right side) ; 
/t, Ilippocamxius minor. 


ponds externally with the 
calcarine sulcus (see p. 
304). The Corpora Quad- 
rigcmiiia and adjacent 
structures also present 
no distinct peculiarities. 

As there are no fresh 
structures met with in 
these regions of the Hu- 
man 'Brain, no special 
description of its internal 
topography is needed, 
other than what is to bo 
gathered from figs. 151- 
153, with their explana- 
tions. These the reader 
will do well to study, and 
compare with figures of 
the same parts belonging 
to some of the lower 
animals (figs. 86, 87, 115). 
Some few details con- 


cerning the st?:ucture of 
the Corpora Striata and Thaljftni will m^Kfeov^* be found 


in the next section. 


2.~The Distribution ol the Fibres Composing the 
Cerebral Peduncles. 

Serious attempts have been made during recent!*^ years 
to unravel the precise course of the ^^fiPjrent hands of 
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fibres which pass from the Spinal Cord into the Brain, 
and vice versa. The laborious investigations of Stilling, 
Lockhart Clarke, Meynert and others in regard to the 
intimate structure of the Medulla, valuable as they are, 
will be but little referred to here, because they have 
revealed details far too 


complex and technical to 
be now set forth, and also 
because a statement of 
the general aiTaiigement 
of its principal parts will 
be all that is really need- 
fal for the carrying out of 
our present plan. 

The intimate structure 
and distribution of fibres 
in higher parts of the 
Brain is a study of no 
less extreme difficulty, 
which in rocanit years has 
been dealt with principally 
by Meynert, Luys and 
Broadbent. Concerning 
niaiijr points these ob- 
servers are far from being 



Kkj, 152.- -Third inid Fourtli VentHcles of 
tlio Brain exposed by removal of the ‘velum 
inturpo-situm ’ and further cutt away of 
Cerebral Jlcinispheres and porti us of Cere- 
helK (vVfter Sharpoy.) rpus stria- 

JHnu ; b, Thalamus : anterior i>illars of 

Foi'iiix ; d, hoft or ‘middle eommissuro’ 


in accord with one 
other. The views 


an- ‘’treteliiutr across third ventricle ; e, IMneal 
body; f, /, Corpora quadrii-^cinma ; g, g, 
of superior Ccv,‘bellar Peduncle with (h) part of 


Meynert on thi^ difficult 
subject, have of late re- 
ceived what they ]^uch 


Uio ‘ valve of Vioussens ’ lyinj,' between them 
jMid forming the roof of (4) the fourth ven- 
tricle. 


needed in the way of re-arrangement and clearer exposi- 
tion from Professor Hugueiiin of Zurich, and the value of 
his woi^has been further enhanced in its French transla- 
tion by the iucorpjpratioa of now matter contributed by its 
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editors, MM. Duval and Keller.* This treatise will well 
repay careful study by those who will not be repelled by its 
technicalities, and are capable of understanding them. It 
seems more than doubtful, however, whether Meynert is 
right in his general point of view as to the separate 
representation of sensory and motor channels for Auto- 
matic and Voluntary Movements respectively. Luys, in 
addition to the opportunity afforded by his larger 
systematic work,f has again stated his views in one of 



Fio. ir)3. —Longitudinal Vortical Section through the Left Hemisphere, showing 
the Lateral Ventricle and its three (Jomua. (Sappey, after Hirschfeld.) 1, U, iutni 
and extra ventricular portions of the Corpus Striatum separated by (3) a stratum of 
white fibres; 4, Junction of the body of the Ventricle with its ‘anterior cornu’; 
5, ‘posterior cornu' ; 6, Hippocampus minor; 7, descending or ‘middle cornu’; 
8, Hippocampus major covered by (y) the c'ioroid plexus ; 10, section of the corpus 
callosum ; 11, anterior commissure ; 15, fissure of Sylvius. 


the volumes of this series, f If little reference he made to 
his opinions in this chapter k is partly^^r these reasons 
and partly because the investigations of Broadbent, so far 
as they have gone, have been more' specially directed to 
some of the points which can be here most advantageously 

* Anatomie dcs Centres Nerveux, par Iluguenin, Pari^, 1879. 

t Sur le Systeme Nerveux Cerebro- Spinal, 1865. 

X Le Cervouu et ses fonctions, 1876. 
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discussed — partly, moreover, because his observations seem 
to the writer to have been conducted with great care, and 
also to have been interpreted from a correct general 
standpoint. Thus, though the investigations of Broadbont 
have as yet only been published in abstract,* they 
will principally be cited in this and in the following 
sections. 

One of the most fundaraental facts in regard to the 
structural relations of the Cerebral Hemispheres and 
their Peduncles, is that the left half of the Brain is 
specially in connection with the right half of the body, 
and the right half of the Brain with the left half of the 
body. This arrangement exists not only in Man, but in 
Vertebrates generally (though with varying degrees of 
completeness), and it is due to the fact that the ‘ ingoing* 
fibres to each Cerebral Hemisjdiere come from, whilst its 
‘ outgoing * fibres are distributed to, the opposite half of 
the body. 

Speaking in general terms, it may be said that the 
‘ingoing* fibres which enter the Cord and Medulla on either 
side throughout their whole length, soon cross over, as 
Brown- Sequard has shpwn, to the opposite side of these 
centres ; and that they thence follow an ascending course 
towiprds — though they do not necessarily go as far as — 
the Cerebral Hemisphere of the same side. Similarly, 
an important section at least of the ‘ outgoing ’ or motor 
fibres, viz., those forming part of the ‘ anterior pyramids *, 
decussate with tj|^ir fellowsiin the Medulla, so as to pass 
over to the opposite ‘ lateral column ’ of the Cord. Thus, 
even allowing for th^act that some of the Cranial Motor 
Nerves decussate by themselves higher up, in the sub- 

* “The Structure of the Cerebral Hemisphere,” Journal of 
Cental jfftence, 1870 *, and also fhe Construction of a Nervous 
System.” Hrii. J/Tti.d. MniLmn... Marfih & Anril. 1876. 
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stance of the ‘ pons Varolii ’ (fig. 154), the sites in which 
decussation of motor channels takes place, are altogether 



Pio, 154. — Diagram, illustrating the 
place and mode of ‘ dccnssation ’ of 
Motor Fibres in the Medulla and in the 
Pons, (Broadbent.) B, B’, two sots of 
nuclei of brachial plexus, not con- 
nected by transverse commissures ; 
O, O’, two sots of oculo- motor nuclei in 
Pons, freely connected with one another 
by transverse commissural fibres, 
y, S’, motor fibres from Corpus Striatum. 

sory regions of these two ha] 


limited in area when com- 
pared with what obtains for 
sensory channels. 

The longitudinal fibres of 
the Spinal Cord are in the 
main divisible (if we exclude 
those specially in relation 
with the Cerebellum) into 
three categories, viz., (1) 
fibres transmitting ‘ingoing* 
currents towards the Brain ; 
(2) fibres which transmit 
‘ outgoing * currents ; and 
(8) fibres of a ‘ commissural ’ 
order, serving to connect 
separate groups of cells or 
centres in different parts of 
the Spinal Cord itself, or in 
the Spinal Cord and Me- 
dulla. 

■t 

The Spinal Cord being, 
moreover, a bilaterally sym- 
metrical organ, the groups 
of cells above referred to 
are similarly represented in 
«ich half o^it (fig. 19) ; and 
the similar MoiSr and Sen- 
ires of Cord and Medulla 


are to a considerable extent brought into structural relation 
with one another by means of numerous transverse ^ com- 
missural ’ fibres. 

The first two sets of longitudinal filj^es, above referred 
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to, pass on each side in compact columns through the 
Medulla, and through that continuation of it which is 
crossed by the 


‘middle peduncles* 
of the Cerebellum 
(viz., the pons 
Varolii). Beyond 
this point, both 
sets of fibres of 
the one side di- 
verge from those 
of the other (fig. 
154) so as to 
form what are 
known as the 
‘Cerebral Pe- 
duncles,* These 
parts are seen on 
the under surface 
of the brain, es- 



pecially when the 


Fio. 155. — On right side shows piano of fibres under* 


tips of the Tern- ^y**^*^ superficiivl convolutions on inferior aspect of Tem- 
^ poral Lobe, and forming the floor of Descending Cornu, 

poral Lobes are The Cornu has been ofHjncd anteriorly, and fibres (« j;) 

drawn n /I from the apex of the lobe to the extra-ventricular Cor* 

OUTiWarUS striatum are seen. On the left side of figure, the 

or removed (fig. tlisscction hJs been carried further, and the Optic 'I’ract 
. T? L removed, rr. Crura Cerebri, rc, Crusta. rt, 

T C), HiaCil Fibres of Tegmentum (and from Thalamus) turning 

Peduncle soon round anterior edge of Crusbi. th. Tail of Thalamus, 

1 .^ _ ^ turning round posterior edge of Crusta, forming ‘ t’ollar 

UlSappcarS within of Cms,’ and distribiiting fibres to Sylvian margin of 
the COrrPQm^nrliT^ Temporal Umc. th' and sa;'. Fibres from Thalamus and 
espiHlUing oxtra-ventricular Cori)UR Striatum respectively to Oo- 
Cerebral Hemi- Cipjbl extremity of Hemisphere. The longitudinal 
J XT- fibps not indicated by letters belong chiefly to the sya* 
opuere, ana then tem of the Cynw Uucinatus. (Broadbent.) 


Cerebral Hemi- cipjkl extremity of Hemisphere. The longitudinal 

J XT- fibps not indicated by letters belong chiefly to the sya* 
opuere, ana then tem of the Cynw uucinatus. (Broadbent.) 

its future course, 

or that^ its constituent fibres, can only be made out by 
the mow careful dipsections. It spreads out rapidly into 


F F 2 
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a fan-like expansion, the ^corona radiata/ the edges of 
the fan being directed, as Broadbent says, “ forwards and 
backwards, the surfaces inward and outward, but sloping 
outwards, so that the outer surface looks downwards, and 
is concave, the inner looks upwards, and is convex.’’ 

On cutting across one of the Peduncles in front of the 
Pons it is found to bo separated into* two layers of fibres 
by a grayish black streak of ganglionic tissue, known as 
the ‘ locus nigor.’* Looked a£ from the under surface, the 
most superficial stratum (that is, the under and anterior 
stratum in the natural position of the Brain) is known as 
the ^ Criista,' and is made up of white fibres. It doubt- 
less consists of the bulk of the outgoing fibres, which 
lower down are clustered together into the ‘ anterior 
pyramids ’ of the Medulla, together with other fibres 
terminating in ‘ motor ’ cell-groups in the Pons and 
Sledulla. Mixed with these, in all probability, are fibres 
which suffice to connect the Corpus Striatum with the 
Cerebellum through the intermediation of its ‘middle 
peduncles.’ The deeper stratum (that is the upper and 
posterior parts of the Peduncles in the natural position 
of the Brain), constituting what is known as the ‘ Teg- 
mentum,' is not so white in colofir, and seems to be 
mainly composed of ‘ ingoing ’ fibres derived from the 
Cord and Medulla. • 

‘‘ The Crusta and Tegmentum,” Broadbent says, '^can 
be separated from each other for some distance upwards, 
as they spread out to form the fan-like expansion spoken 
of; but before they emerge from the ce®Bral ganglia the 
fibres of one sink in between those (T the other, and they 
become mixed together, so as to bo no longer distinguish- 
able.” 

* Its colour being due to the abundance of pigment^granulcs 
contained within the large nerve ceils of this jegion. * 
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a. Relation of the Cerebral Peduncles to the Central 
Ganglia : Thalami and Corpora Striata . — According to 



Fio.flSB. — Contral Ganglia of the Brjin, togctlujr with the Ccrchcllnm and its 
Superior Peduncles. (Sappey, after Hirschfeld.) 1, Corpora quadrigeinina ; 
2, Valve of Vieussens ; 3, superi(ir Cerebellar Poduncles ; 4, npiicr part of the 
middle Cerebellar Peduncles ; 5, upper part of the Cerebral Peiluncles ; 6, lateral 
groove of the isthmus; 7, ribbon of lloil; 8, cord extending from the ‘testis’ to 
the internal ‘geniculate body’; 9, column of the Valve of Vieussens; 10, grey 
lamella of the same ; posterior bbtifs of the triangular bundle of the isthmus ; 
12, upper fibres oA mid (W Cerebellar Peduncles ; 13, white centre of the Cerebellum ; 
1'1» &*'cy rhomboidal nucleus of ^rdx Hum : I.*), ‘ jiostorior commissure ’ of Cerebrum ; 
1<^’» peduncles of the * Pineal \xMy ’ : 1 7, ‘ Pineal body ’ tunied forwards so as to show 
last two structures ; 18, postetwr tuberi.dcs of the Thalami ; 19, anterior tubercles of 
«atno; i>o. Tenia semicircularis ; 21, veins of the C(»rpu8 Striatum; 22, anterior 
pillars of the Fornix, between which the * anterior commissure ’ is seen ; 23, Coi-piis 
Striatum; 24, Septum lAicidum and ‘ fifth ventricle.’ 

the above-quoted anatomist, The Thalamus and Cor- 
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pus Striatum may be said to sit astride the posterior 
and anterior edge respectively, of the fan formed by the 
Crus as it expands, each having an intra-ventricular and 
an extra-ventricular division. The Thalamus is much the 
smaller of the two ganglia, and may be said to be 
embraced by the Corpus Striatum, which is also on a 
rather higher level. Both in structure and in their relations 
with the crus on the one ha^nd, and the convolutions of 
the hemisphere on the other, there is a remarkable con- 
trast between the Thalamus and the Corpus Striatum.’* 

The Thalamus consists of an admixture of fibres and 
grey matter, and has a whitish colour on the surface— 
distinctly contrasting with the greyer tint of the Corpus 
Striatum. 

By far the larger part of the Thalamus seems* to pro- 
ject into the * lateral ventricle ’ as it rests upon the teg- 
mentum of the crus, from which it can be raised from 
behind, forwards and upwards, the diverging fibres of 
this part of the crus appearing to pass onwards beneath 
the ganglion without ending in it.” But as Broadbent 
further remarks : — It is possible that communication, 
by means of cell processes, exists, between the radiating 
fibres and the overlying ganglion, bringing them into a 
relation equivalent to the direct termination of fibres 
and cells.” 

The portion of the Thalamus that actually has the ap- 
pearance of lying outside the ventricle, consists only 
of a prolongation from the ibody of tl^ ganglion which 
bends round the posterior edge of ^ the crus* and curves 
forwards in the roof of the descending cornu of the 
lateral ventricle, becoming pointed anteriorly.” 

The Corpiis Striatum is divided into two distinct 
parts by thf radiating fibres of the Crus wl^ch pass 
* See pp. 269, 270 note, and^gf. 122. 
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through it. The intra-ventricular portion consists of a 

deposit or bed of soft grey matter, not intermixed with 
distinct fibres visible to the naked eye, thicker and wider 
anteriorly in the anterior cornu of the ventricle — narrow- 
ing to a point posteriorly. It rests upon the radiating 
fibres of the tegmentum and thalamus which pass on- 



Fio. 157. — ^Transverso section of the Cerebrum, just behind Infundibulum. 
S V, Iiitra-vcntricular, and S X, Jilxtra-vcntricular Corpus Striatum. Th, Thalamus, 
re, Crusta, and r t, Tegmentum of Crus Cerebri; R, radiating exj^ansion of white 
fibres (‘corona radiata’); rc, rt, and R together form what has been called the 
‘intrffnal capsule’ of the Lonticolar Nucleus. Cx, ‘external cap.sule’ (including 
the Clauatrum) ; C, Corpus Callosum; VS', Hssuro of Sylvius; LAIG, Longitudinal 

Marginal Gyrus. 8 MG, SMG', Sylvian Marginal Gyrus; , indicate lines of 

derivation of fibres of Corpus Striatum ;...., Fibres of distribution of Thalamus, 
(liroadbent.) 

.'Wards beneath^ to the hemisphere proper.” Between 
the bundles of radiating fibres this upper and anterior 
portion is continuers with the lower and outer * extra- 
ventricular ’ portion of the Corpus Striatum, which is more 
l>Rlky than the part already described, though it is, like it, 
also l^ger in front than behind. It is a somewhat pear- 
shaped mass of^oft grey matter, bounded above and 
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within by the radiating fibres of the Crus {^internal 
capsule ’) ; and externally (fig. 157, C x) by a thin stratum 
of fibres (‘ external capsule ’) issuing from its interior for 
distribution to various regions of the Hemisphere, though 
forming in the first part of their course to the convolu- 
tions (together with some other fibres from the ‘ fasiculus 
uncinatus’ to be hereafter described) an outer wall, 
serving to separate this inferior portion of the Corpus 
Striatum from the immediately adjacent convolutions of 
the ' island of Eeil * — the situation of which has been 
already defined (see pp. 301, 341, 381). 

h. Relations of fibres composing the Cerebral Peduncles 
as well as of fibres issuing from or going to the Central 
Ganglia, ivith different Convolutions of the Cerebral Hemi- 
spheres. — It is easily to be demonstrated, according to 
Broadbent, that “ fibres of the crus in large numbers pass 
uninterruptedly through or by the Central Ganglia to tho 
Convolutions.** And he adds, ‘‘In the case of the fibres 
of the posterior edge of the Crus there is scarcely room 
for error on this point, as they do not come at all into 
relation with grey matter on their way.*** 

Other fibres of both ‘ tegment* and ‘ crust,* seem to end 
in or take their origin from the grey matter of the Corpus 
Striatum, though Broadbent is inclined to believe that 
“no fibres of either division efid in the Thalamus.**! 

From both Thalamus and Corpus Striatum, however, 
many independent fibres appear to issue, which serve to 
connect these ganglia with Cojivolutions in different parts 

* Some of these fibres which merely pass %irou^ or by the 
Central Ganglia may, as certain anatomists suppose, serve to con- 
nect the C^erebral Cortex with the Cerebellum, by way of its 
* middle peduncles.* 

f This seems c very doubtful proposition. The anatomical rela- 
tions of the Thaiami are, however, as yet, as uncertain aS|^c their 
functions. 
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of the Hemispheres.* ** These two sets of fibres do not 
proceed to the grey matter of the Convolutions separately, 
but are for the most part inextricably mixed with those 
fibres of the Peduncle (above referred to) which pass unin- 
terruptedly through the Central Ganglia. Outside these 
bodies, moreover, all three sets of fibres become further 
intermixed with thcfse of the great transverse commissure 
between the hemispheres — the Corpus Callosum. 

But some further accounl; must be given of the course 
of these three sets of fibres — answering to the ‘ projection 
system * of Meyncrt. Their mode of distribution is neces- 
sarily a matter of great importance, if any coherent notions 
are to be formed even as to the simpler modes of action 
of the Brain. The reader ought, therefore, carefully to 
study the particulars given below, making, as he proceeds, 
frequent references to those figures in which the relative 
position of the Convolutions alluded to may bo seen. The 
substance of Broadbent’s description is subjoined. f 

The fibres of Crus, Thalaimis, and Corpus Striatum always rnn, 
more or less, in company with one another to the same parts. Fop 
brevity, they may be spoken of as ‘ radiating * fibres. 

(lint, wherever * radiating ’ fibres go, thither also go fibres of Cor- 
pus Callosum — though no ’d necessarily in the same proportion. Thus 
it happens, that those Convolutions in which * radiating ’ fibres ter- 
ipins|(te or commence, are also bilaterally associated through the 
Corpus Callosum, and are thereby fitted for conjoint activity.) 

These ‘ radiating * and ‘ callosal ' fibres are not distributed 
equnlly to all the Convolutions. Many of the latter do not receive 
a single fibre from Orns, Thalamus, Corpus Striatum, or Corpus 
Callosum, but ha|^ only an iMlrect communication with the cen- 

* Broadbent says (“ .jfturn. of Ment. Science,” Ap. 1870, p. 9):— 

** A comparison again, tf the sectional area of the fibres thus seen 
issuing from the Central Ganglia with the area of the Crus as it 
emerges from under the Pons, will show that the ascending fibres 
have be^larg( 3 ly reinforced by auditions from the Ganglia.” 

t “ Bft. Med. Journ..” April 8. 1876, p. 433. 
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trcd ganglia or great commissure, by means of looped fibres pass> 
ing to them from Convolutions which are directly connected with 
‘ radiating * and ‘ callosal * fibres. 

The following summary statements made by Broad- 
bent * in regard to the exact distribution of the ‘ radiat- 
ing ’ and ‘ callosal * fibres, and as to the Convolutions to 
which they do not proceed, will be found to contain im- 
portant particulars. 

The convolutions to which the radiating and callosal fibres go, 
are chiefly those along the margins of the Hemisphere : the margin 
of the great longitudinal fissure on one hand; the margins, supe- 
rior and inferior, of the Sylvian fissure on the other, continued 
forwards by the inferior frontal, backwards by the inferior occipi- 
tal gyri, to the frontal and occipital extremities of the Hemisphere 
respectively, which are well supplied; the free margin, again, 
formed by the hippocampus major. To these must be added the 
ascending convolutions on each side of the sulcus of llolando, 
named ascending frontal and parietal, or sometimes anterior and 
posterior ascending parietal; and perhaps the second frontal 
Callosal fibres pass more abundantlj^ to the margin of the longi- 
tudinal fissure; radiating fibres to the Sylvian border of the 
hemisphere.” 

The Convolutions, on the other hand, which receive no ‘ radiating 
or ‘ callosal * fibres are ** all those on the flat internal surface of the 
hemisphere, those on the inferior aspect of the temporo- sphenoidal 
lobe and orbital lobule, the convolutions of the island of Reil, and 
those on the convexity of the occipital and parietal lobes not near 
either margin, as far forwards as the ascending convolution which 
lies behind the sulcus of Rolando.” Broadbent adds : — “ It may 
seem less strange that there are convolutions without central or 
callosal fibres, if we recollect that nowhere do these fibres jjass to 
the grey matter within the sulci, l^t only to the crests of the gyrtt 
80 that hy far the greater part of the cortex is •S^thouk them"' 

The same investigator also says V* The statement that 
the fibres of the Crus, Thalamus, corpus Striatum, 
Corpus Callosum always go together to the same convolu- 
tion, may appear to go beyond what is demqgstrable, 
* Loc. cit. p. 433. 
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seeing that they are so mixed up as not to be traceable 
separately; and it is not quite what might have been 
expected.*^ At certain parts, however, as Broadbent 
points out, a triple if not a quadruple mode of supply is 
easily shown, and in illustration ho cites the following 
facts ^ : — 

• 

The fibres which pass to the tip of the Occipital Lobe from 
three of these sources, viz., Corpus Striatum, Thalamus, and Cor- 
pus Callosum, form distinct masses at their point of departure, 
and only blend with one another near their termination in the 
Convolutions. 

A similarly-independent communication exists with certain 
Convolutions so situated, that in order to reach them fibres ot 
one or other of the three orders in question, have to take an extra- 
ordinary course. Thus, the Convolutions of the anterior extremity 
and of the upper margin of the Temporal Lobe, are directly 
connected with (1) the adjacent Corpus Striatum, by fibres which 
stretch across the fissure of Sylvius; (2) the fibres of the Thala- 
mus, to the same convolutions, are given off from that part of it 
which bends round in the roof the descending cornu of the ven- 
tricle, whence these afferent fibres diffuse themselves so as to reach 
the Convolutions in the regions specified; whilst (3) the ‘ commis- 
sural * fibres for these same parts are chiefly represented by those 
of the Anterior Commissure, — which from a functional point of 
view, is to be regarded ^as a detached portion of the great trans- 
verse commissure or Corpus Callosum. The ‘ commissural ’ fibres 
ar^ however, also repi'esented by certain anterior fibres of the 
Corpus Callosum itself, which| near the anterior perforated space, 
cross to the apex of the Temporal Lobe. 

Even more extraordinary is the separate course taken by those 
of the three sets of fibres to which we are referring that happen 
to be in relation with the ^ippocampus Major. This structure, 
Broadbent §ays,^“ is in communication with the Corpus Striatum, 
at its uncinate extrej)ity; with its fellow in the opposite hemi- 
sphere by the reflec«d part of the splenium corporis callosi, 
which I have called the commissure of the hippocampi ; f but its 

* Loc. cit. p. 433. 

t (^responding with the ‘ psalterial fibres * already referred to 
in a previous chap^r (pp. 273, 274). 
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situation on the outer side of the great transverse fissure of the 
brain seems to cut it off from the Thalamus. The connection, 
however, is effected by the fibres of the Fornix, which, as is well 
known, arise from the Thalamus, make a figure-of-8 turn in the 
corpora albicantia, then take the circuit upwards, and then back- 
wards, described by this body the Fornix], and pass to the 
Hippocam^^us in the t«x‘nia.*' 


3.“-The Microscopic Anatotoy of the Cerebral Con- 
volutions. 

It has been already stated that the Convolutions differ 
much as regards their relations to one another, to the 
Central Ganglia, and to the fibres of the Crus. 

All the Convolutions, however, present certain common 
characters. When a section is made through cither one 
of them in a direction transverse to its long axis, a stem 
or projection of white matter is seen continuous with the 
* white substance ’ of the hemisphere. External to this 
white substance, a superficial layer of Grey Matter exists, 
having an average thickness of about one-fourth of an 
inch, which is continuous over the whole external surface 
of the Hemisphere — since it lines the ‘ sulci ’ as well as 
the Convolutions (fig. 158). 

This layer of cortical Grey Matter, has a greater depth 
over the frontal and parietal than over the occipital con- 
volutions. Its specific gravity, moreover, varies in these 
situations, being often three or four degrees higher in the 
occipital than it is in the froi^al region ^1^32 : 1028) — 
whilst that of the parietal convolutions is mftre or less 
intermediate. V 

In the grey matter of the Occipital Lobe, especially that 
of the Convolutions of its inner and inferior surface, a dis- 
tinct lamination is generally very apparent, ei thermo the 
naked eye or with the aid of a pocket l^ns. These con- 
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volutions were examined and originally described by 
Lockhart Clarke* in 1863. 

He observed the divergence of bundles of fibres in a 
fan-like manner from the central stem of white substance, 


and their passage 
between long ver- 
tical groups of 
nerve-cells situ- 
ated in the deeper 
grey layers (fig. 
159). Some of 
the fibres, he be- 
lieved, were con- 
tinuous Avith the 
processes of the 
cells, whilst others 
turned round and 
pursued a hori- 
zontal course 
(either in a trans- 
verse or in a lon- 
gitudinal direc- 
tion). The bun- 
dles^ of fibres in 
this manner be- 



Fio, 158. -Transverse section through anterior part of 
left Frontal Lobe, showing shui)e of Convolutions and 
relative thickness of (Irey Matter, a. Third frontal 
Convolution, a magnified section of which is shown iu 
tho next figHre. 


come reduced in size, and at the same time the com- 
ponent fibres become finer as they approach the surface — 
apparently in co^equence o£ the branches which they give 
in their*course, to contiguous nerve cells. When they 
arrive at the third^ayer from the surface, they ‘‘are 
reduced to the finest dimensions, and form a close net- 
work with which the nuclei and cells are in connection/* 
Iho t^ layers superficial to this arc paler in colour and 

* ProceejF of Royal Society, vol. xii. p. 7^ 6. 
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are composed for the most part of an extremely delicate 



reticulum of fibres (probably most akin 
to the ‘neuroglia’), that composing the 
outermost layer being in direct con- 
tinuity with the thin and very vascular 
membrane (the ‘ pia mater ’) which 
covers the whole stirface of the Brain 
and dips down between the sulci. 

The fibres of the central white stem 
itself are crossed transversely and ob- 
liquely by a variable number of other 
fibres, generally most numerous near 
its base, where, according to Lockhart 
Clarke, they cross one another in all 
directions. These, he thinks, probably 
consist, for the most part, of ‘com- 
missural fibres,’ such as will be de- 
scribed in the next section. 

Other investigators have since exa- 
mined the structure of the Grey Matter 
in several Convolutions situated in dif- 
ferent parts of the Hemisphere. Al- 
though differences of detail exist, there 
is nevertheless considerable uniformity 
in the type df structure met with. Over 
much of the Frontal and Parietal Lobes, 
Meynert describes the Grey Matter as 
divisible, nqj so much by ordinary sight 
as by the microscopic^harficters of its 
constituents, intol five layers or * 
minae.’ He gives a liguro of the arrange- 


Pio. IM.— Section through one of the Folds of the Third Prontftl Convolution of 
Man. Magnified 65 diameters. (Ferrior, after Meynert.) 1, Layer of small scatterc 
corpuscles, principally belonging to the * neuroglia ’ ; 2, layer of stna 

pyramidal c jUs ; 3, layer of large pymmidal cells ; 4, lay^ of small close tiot irregu 
larly gha£)f;d corpuscles (this lamina in some regions is dk^nipied by 'giant’ cel )* 
5t layer of spindle-shaped coipuscles; m white or medull A y* l a mi n a. 
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ment of the constituents of these layers, as seen in a 


section through the 
‘ third frontal ’ con- 
volution (fig. 169). 
Quite recently, 
moreover, Sevan 
Lewis and H. Clarke* 
have described a 
very similar arrange- 
ment of nerve ele- 
ments in the ‘ as- 
cending frontal* and 
other adjacent Con- 
volutions. Their pa- 
per is accompanied 
by excellent illus- 
trations.* 

They give the follow- 
ing description of the 
five layers of the ‘as- 
cending frontal’ — be- 
ginning with the most 
superficial. The first 
18 a delicate friable stra- 
tum containing no veal 
nerve elements. It is 
made up of the usual 
network of ‘neuroglia* 
with finely granular 
matrix, in whicl#are 
distributed numerousj 
small nuclei an<y 



160.— Large Pyramidal Cell, with its processes, from fourth layer of Cortical 
Qrey Matter- so-called ‘Giant Cell.' (Charcot.) a, Body of the Cell tapering away 
into a branched pyramidal prolongation ; ^ Its basal prolongation which come into 
Illation (cX the white fibres of the (’onvolution (highly magpiified). 

• Fro<^d. of Royal Society, 1878, p. 38. 
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branched connective tissue cells. The second layer has about the 
same depth as the first ; to the naked eye it is apparent as a reddish- 
grey band abruptly marked off from the pale layer beneath it. On 
microscopic examination it is found to consist “ of a series of 
closely aggregated pyramidal and oval cells of small size, whose 
apical processes are arranged radially to the surface of the cortex. 
Numerous other processes arise from the basal angles, and radiate 
outwards and downwards from the cell, including an extensive area 
in their distribution.” Each of these cells contains a largo nucleus 
of round or pyramidal form. The ‘third layer is about three times 
as broad as the last and contains nerve elements of precisely the 
same kind except that they are larger and not nearly so closely 
packed. The cells seem uniformly to increase in size from above 
downwards, and in the lower part of this stratum they are two or 
three times as large as those of the second layer. This statement 
is, however, subject to the qualification that some smaller cells exist 
throughout, intersperod amongst those of larger size. The fourth 
layer is not radically different from the last. It has only about 
one-third of its depth, and differs, moreover, by reason of the great 
increase in the size of its cells — otherwise similar in typo. In 
consequence of their considerably superior size those cells app(?ar 
to be more closely packed. They are on an average about three 
times as long and broad as those of the third layer. Interspersed 
between them are a number of small angular cells : and in certain 
portions of this ‘ frontal convolution * the small cells alone exist as 
representatives of the fourth layer — the above described large, or 
so-called ‘ giant cells,* being, in these pUrts, wholly absent. The 
fifth layer is again much broader than the fourth. It contains 
irregularly fusiform or spindle-shaped cells of a smaller and pretty 
uniform size, often arranged in irregular columns owing to the 
interposition of the bundles of medullary fibres which ascend from 
the subjacent white matter. 

More recent observations still* have shown, (1) that in many 
other portions of the Cerebral Heirl^spheres a fjx- riy;her than a 
five-laminated Cortex is found — the additional stratum in the 
six-laminated regions being produced by til interposition, between 
the above described ‘ third * and ‘ fourth * layers, of one containing 
“ small pyramidal and angular cells ” ; (2) that the five-laminated 

* See Bevan. Lewis, On the Comparative Structur^^of the 
Cortez Cerebri/* Proceed, of Eoyal Soc., Jane».1879| p. 234. 
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type of Cortex is most distinct in those parts of the frontal and 
parietal convolutions which constitute the excitable or so-called 
‘ motor area ' of Ferrier (see p. 575), though in by far the largest 
part of the Hemispheres the convolutions have rather a six- 
laminated typo : (3) that in the five-laminated regions the so- 
called ‘ giant-cells * of the fourth layer have generally a grouped or 
clustered arrangement, owing to these bodies existing in irregular 
aggregations (the ‘ nests * of Betz) ; the principal exception to this 
lying in the fact that at the bottom of the ‘ sulci * (where the 
grey layer has also less depth •than at the summit and sides of 
the Convolutions), even in these regions, such large cells are dis- 
posed in a regular but solitary manner, so that in vertical sections 
they api)ear to be ranged in linear scries : (4) that in the much 
more extensive six-laminated areas of Cortex, in addition to the 
existence of the extra layer of small pyramidal and angular nerve- 
elements above referred to, another distinctive character is to bo 
found in the bict that the large cells have in all parts of the con- 
volutions that laminar or solitary arrangement which in tho so-called 
'motor area ’ exists only at the bottom of the ‘sulci'*: (5) that 
tranaition regions, or convolutions, exist where the six-laminated 
arrangement seems to bo giving place to the five-laminated 
arrangement, and that almost precisely similar transitions are to 
he seen even in the five-laminated regions on passing from the 
bottom of the ‘ sulci ' to the sides of the Convolutions. 

Although they differ so much in size the proper nerve 
elements of tho secoftd, third, and fourth layers are 
essentially similar in shape, and there is really no good 
ground for separating thes« strata from one another. It 
may be warrantable as a mere artifice for facilitating 
description, but is not warrantable if the fact of such 

* The fact that^hese two lityers (7.c., the ‘fourth' and the 
‘fifth ’ of the^ix-laminated a mas) are, as Bevan Lewis j)oints out, 
always developed in inArse proportion ; and the fact that whore 
the former is nominally absent in tho five-laminated areas) 
“small angular cells” still exist, intermixed with the so-called 
‘ giant cells make it possible that we have hero the above two 
iayers mopged into one, owing to the extreme development of some 
of the nerve elemfintH_ofhprwisp exiritiiifir as small Dvramidal cells. 
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division is to be taken as implying that there is any 
difference in kind between these pyramidal elements, 
although they differ so much in size in different situations. 
To speak of the largest of these cells only, viz., those of 
the fourth layer as ‘ ganglionic ’ cells, and of this layer in 
particular as ‘ the ganglionic layer,’ 
carries with it ‘misleading implica- 
tions. Even the largest of the 
clustered cells differs only in degree 
from similarly- shaped cells found in 
the layer above, and also in the same 
layer throughout those other portions 
of the cortex which do not possess 
these cells in ‘ nests ’ or clusters. 

The most consistent conclusion to 
bo drawn from these facts, by those 
who adopt Perrier’s views, would be 
for them to say that all convolutions 
contain ‘ motor cells ’ —and that too 
in more than one layer — unless the 
mere fact of the nest-like ‘ grouping ’ 
of the cells in certain situations is to 
be taken as an indication that such 
cells have assumed motor functions, 
and are bn that account to be desig- 
nated as ‘ ganglionic.* Either of 
these positions would, however, pro- 
bably se%m to the ordinary reader to 
be very poorly ba^ed 6n anything 
like reasonable considerations. V 

It is worthy of note that in the involuted grey layer o 
the ‘ Hippocampus major,* the structure of the cortica 
matter, as Meynert points out,* is extremely sjmphfi^ > 
Strieker’s “Human and Gomp. Histolc^y,” vol. ii- P- 


Fig, 161. — Section of the 
Involuted Layer of the Ilip- 
pocanipua (or Cornu Am- 
monia). A, White fibres, 
which here, owing to absence 
of spindle and small cell 
layers, attach themselves im- 
mediately to C, the pyra- 
midal cells equivalent to the 
inner half of the third layer 
of tlie five-laminated cortex ; 
r, * stratum radiaturn,’ corre- 
sponding to outer half of 
third layer ; m, I, equiva- 
lents of the first and second 
layers. 



Chap. XXIII.] 


OF THE HUMAN BRAIN. 


451 


since the nerve elements of this region are represented by 
a single stratum of pyramidal cells, which differ also only 
in size from the so-called ‘ giant cells ' of the parietal or 
frontal Convolutions. 

There is in fact, in the writer’s opinion, no valid reason 
for supposing, as many do, that these ‘ giant-cells ’ differ 
at all in kind from oilier s of smaller and smaller size with 
which they are intermixed, or which, in the corresponding 
layer, alone exist in so very many of the convolutions of 
the Cerebrum. 

Similar kinds of cell elements to those found in the Convolntions 
oF the Human Brain, and similarly arranged, arc to be found in 
the Convolutions of Apes and Monkeys. 

In lower animals the greatest portion of the Cortex is also six- 
lam inated, but in certain special and limited (though varying) 
regions in each kind, a five-laminated Cortex exists. These lamina?, 
according to Bevan Lewis, are also, to a considerable extent, iden- 
tical in composition, though the first (which is, in the main, a mere 
connc(;tive tissue layer) has generally a greater comparative depth 
in the Slieeji, the Pig, and other lower animals, than in jMan. He 
says: — “ It is in the essential character of the individual cells of 
these layers, in the relationship of these anatomical units the one 
to the other, and in their general distribution, that we detect diver- 
gence from the type normal to the higher Mammalia.” 

In Man, the Ape, the Cat, and the Ocelot, the ‘ giant* cells are 
8woH|i‘n and more rounded (owing to their giving off a larger num- 
ber of processes), than in such tlhiraals as the Sheep and the Pig. 

the latter these cells are more simply pyramidal, and have a 
smaller number of inter- connecting processes. Such cells are, 
moreover, scattered over a wide area. But in the Cat and other 
Carnivora, the are^ in which the * giant ’ cells are found is very 
restricted — mflch iSre so than in Man and the Quadmmana. 

Again, according to Avan Lewis, a peculiar kind of ‘ globose * 
cell with few connecting^rocesses, is to be found amidst the other 
elements in the second and third layers of the Pig and Sheep, and 
also in Apes— though such elements have been met with in Man 
^^ily in tJip brains of Idiots or Imbeciles. 


G G ^2 
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4.— The Principal Commissures of the Brain. 

The connecting or, as Meynert terms them, the ‘ associa- 
tion system ’ of fibres of the Brain belong to three principal 
categories, each of which will be now briefly described. 



Fio. 162.— Longitudinal Section through the centre of the Brain, showing the 
inuer face of Left Cerebral Hemisphere. (Sappey, after Hirschfeld.) 1, Spinal 
Cord; 2, Pon.s Varolii; 3, Cerebral Peduncle; 4', ‘Arbor Vitne’ of cut surface of 
Middle Lobe of Cerebellum ; 5, Sylvian aqueduct; 6, Valve of Vieussens ; 7, Corpora 
quadrigemina; 8, Pineal body; P, its inferior peduncle ; 10, its superior peduncle; 
11, middle portion of the great Cerebral CJeft ; 12, upjier face of the Thalamus ; 
13, its internal face, forming one of the walls of the middle or third ventricle; 
13', Grey or Middle Commissure; 14, Choroid ; ir>. Pituitary pedicle; 

16, Pituitary body ; 17, Tuber cinercum ; 18, Mammillary body ; 19, intori^eduncular 
perforated lamella; 20, third or common Oculo-motor nerve; 21, Optic Nerve; 
22, Anterior Commissure; 23, Foramen of Monro; 24, section of the Cerebral 
trigone ; 25, Sciitum lucidum ; 26, Corpus (ftillosum ; 27, Its posterior oxtrcniity or 
‘bourrolet ; 28, its anterior extremity or ‘genu 29, 30, ^nis fdrnic.itus, or Con- 
volution of the Corpus Callosum; 31, Anterior rt of Marginal Convolution 
32, Calloso-marginal sulcus; 33, Occipital Convolutioi 34, ‘ Internal perpendicular 

fissure ' separating Occipital from Parietal Lobe. ' 


These fibres are of great importance, and so numerous, 
that, JBroadbent says,* “ the radiating fibres muK^ beiir a 
" “ Journ. of Ment. Science,” Ap. f;S70, p. 9. 
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small proportion to the fibres passing from one part of 
the surface to another.” 

a. Commissures connecting similar parts in the Uvo 
Jlemispheres . — These are generally spoken of under the 
name of ' transverse * Commissures. They include the 
Corpus Callosum, the Anterior Commissure, together with 
the Middle and Posterior Commissures, A part of them 
have been hitherto referred to, in the quotations from 
Broadbent’s descriptions, as ‘ callosal ’ fibres. 

The Corpus Callosum is by far the largest and most 
important of all the commissures. When the two Cere- 
bral Hemispheres are separated it may be seen as a broad 
hand of fibi-es extending from the one to the other. Its 
antero-posterior diameter is over three inches, whilst 
laterally it extends into the substance of each Hemisphere, 
where it forms the roof of the ^ lateral ventricles.' On 
section it is seen to be thickened at each extremity 
(fig. 102, 27, 28). 

Various notions have been held by older anatomists as 
to tlie distribution of the fibres of the Corpus Callosum 
which need not now be discussed, though it may be 
mentioned that Foville thought its fibres served to bring 
the Crus of one Hemisphere iiito relation with that 
of the other ; and that, according to Grratiolct, its fibres 
suffice to bring the Crus of^ one side into connection with 
the convolutions of the opposite Hemisphere. The inves- 
tigations of both Meynert and Broadbent, however, lead 
them to believe ^at the first of these views is altogether 
erroneous and that the second, if at all, is only very 
partially true, since » the main tlie fibres of the Corpus 
Callosum serve to unite similar Convolutions in the two 
Hemispheres.* Its fibres are not, however, distributed to 
^11 ali^, but only to some of them. And, as before 
* “ Jourti.^f Ment. Science,” Ap., 1870, p. 18. 
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stated, the Convolutions that are thus brought into 
relation in the two hemispheres are precisely those with 
which the ‘ radiating fibres ’ of the Crus are also in 



Fm. 1G3, —Horizontal Section through the Cranium and 
Cerebral Hemisphere just above the level of the Corinis 
Callosum, showing the so-called ‘centrum ovale ’ of Vieus 
sons, (Sappey, after Vicq d’Azyr,) 1, 1, Median furrow of 
the upper face of the Corpus Callosum ; 2, longitudinal 

fasiculi of this face (‘nerves of Lancia!’); 3, the transverse 


relation. The 
names of these 
Convolutions 
have been ah 
ready given (p. 
444). 

The Anterior 
Commissure is 
a distinct band 
of white fibres 
which crosses 
the anterior 
part of the 
‘third ventiicle' 
and on each 
side penetrates 
the substance 
of the Corpus 
Striatum (fig. 
164, 6). It 

not, however, 
as it seems to 


f:isiculi of its main body ; 3', section of the med\illary sub- 1)0 0 ^ Commis- 

stance at the level of the border of the Corj)U8 Calkwum ; ’ 

4 , 4 , grey layer of the Convolutions forming an irregular SUl’e Connecting 


festoon around the * centrum ovale ’ of Viwsscns ; 5, ante- 
rior part of the great longitudinal fissure or the Cerobrun^ 
(J. posterior part of this longitudinal fissure ; 7, 7, saition of 
the walls of the Skull. 


these bodies. 
Careful dissec- 
tion suffices to 


show that its fibres merely pass through the Corpus 
Striatum on each side (where they lie in a distinct groove 
or canal), that they emerge on the underand outa^ surface 
of these bodies, and that they are i-thence distributed 
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to the convolutions forming the tip and inner or under sur- 
face of the Temporal Lobe. It is, as Broadbent says, and 
as other anato- 


mists had pre- 
viously recog- 
nized, a sort of 
accessory Cor- 
pus Callosum 
connecting 
those parts of 
the two Tem- 
poral Lobes 
which could not 
otherwise be 
easily brought 
into relation 
with one an- 
other. 

In some oi 
the lower ani- 
mals that have 
large Olfactory 
Lobes and 
‘ trtpets,’ these 
are directly con- 
nected with one 



Fig. 104. - Horizontal Section through the Cerebrum at a 
dociMjr level, showing the Tlyrd Ventricle and its Commis- 
sures and the relations of each Corims Striatum to the 
Island o& Reil, (Sajipey.) 1, Fornix, togctlicr with Velum 
lntorix)8itum turned bJickwards in order to reveal the Third 
Ventricle ; 2, Veins of Galon ; 3, anteru)r extremity of the 
Pineal body ; 4, its superior pedimcles ; 5, Posterior Cere- 
bral Commissive ; 6, A^nterinr Commissure ; 7, section of 
anterior pillars of Fornix; 8, Third or Middle Ventricle; 
y, Grey or Middle Commissure ; 10, Corpus Striatum, the 


another hv and external strat;; of wliich have been sliced off ; 

y 11, Tlnalamus ; 12, Tsenia Semicircularis ; 13, 14, 15, section of 
means of fibres Convolutions the Island of Reil ; 10, section of the intra- 
WhioVi -P • /Ventricular nucleus of the Corpus Striatum; 17, section of 
Cn lOrm part the substance of the Hemisphere, at the xiart which 

of this Anterior J^^s Iwtwoen the Island of Reil and the ui)i>or i>art of 
. the #>rpu8 Striatum. 

Commissure. 


The Middle Commissure is a soft bridge of grey 
matte^hat passes across the * third .ventricle ’ from one 
Thalamus to th^other (figs. 164. 9 ; 167, T^), and may 
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therefore serve to bring parts of these bodies into func- 
tional relation with one another. 

The Posterior Commissure is a small white band 
which passes across tho upper and posterior boundary of 
the ‘ third ventricle * (fig. 164, 5), and bends downwards 
through the Thalamus on each side so as to terminate 
in the ganglionic matter of the Tegnrentum. 

The existence of these commissural connections between 
the Thalami arc specially Worthy of note, when we find 
the two Corpora Striata quite unconnected by Commissures 
of any kind. It is, however, important that the various 
centres in relation with ‘ ingoing ’ impressions should 
be in functional connection with one another, while no 
similar necessity exists for such Commissures between 
the great superior motor ganglia — since each Corpus 
Striatum transmits and regulates those motor incitations 
only which emanate from its own Cerebral Hemisphere. 

b. Commissures connecting dissimilar parts in the 
same Hemisphere . — Of these that which is by far the best 
known is the Fornix. This is generally spoken of as a 
longitudinal commissure, but the term is misleading, 
though its fibres do for the most pai-t take a longitudinal 
direction. They serve to bring the inner aspect of the 
Thalamus and tho Hippocampus Major of the same hemi- 
sphere into relation with one another — these being parts 
which are almost in the same vertical transverse plane. 
The course and functional uses of its fibres have been 
already indicated (p. 272). 

Two accessory sets of fibres come into ref-ation with the ‘ anterior 
pillars* of the Fornix; — (1) a narrow banal. of fibres on each skle 
known as the tannia semicirculariSf which, after separating from the 
‘ anterior pillar * of the same side passes backwards in the groove 
between the Corpus Striatum and the Thalamus and d^appears 
within tho substance of the latter after turning round to >he root 
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of the descending cornu and (2) the ‘ peduncles ’ of the Pineal 
Body, which pass forwards along the Thalamus at the upper limits 
of the ‘ third ventricle,’ gradually diminishing in size and at last 
apparently blending with the ‘ anterior pillars ’ of the Fornix near 
the anterior extremity of each Thalamus. f 

Many other sets of ‘ commissural fibres ’ exist on each 
side whose office al^o is to bring different more or less 
distant Convolutions in the same Hemisphere into relation 
with one another. Some of the principal of these Com- 
missures are longitudinal in direction, and are disposed in 
the following manner : — J 

1. A great * axial longitudmal ’ runs through the upper 

portions of the Hemispheres. It contains fibres from the Occijutal 
and Temporal Lobes which pass on to the tip of the Frontal lobe, 
receiving or giving fibres along this route to many overlying con- 
volutions, 

2. The 'longitudinal system of the fasiculus nneinatns* is a 
set of fibres situated at a lower level than the former, though it 
connects the same main divisions of the Hemisphere. Its middle 
portion, forming the band from which it takes its name, is to be 
seen on the lateral aspect of the hemisphere, crossing the bottom 
of the Sybdan fissure from the Frontal to the Temporal Lobe. 
Anteriorly its fibres pass beneath the Corpus Striatum, whence 
some proceed to the third frontal convolution, others spread out 
beneath the orbital convohitions to reach the anterior extremity of 
the Corpus (^^allosuin and the convolutions at the adjacent margin 
of tlfe orbital region, though the great majority of the fibres pass 
on beneath the orbital convoluTions l-o end along the anterior edge 
of the Hemisphere. Posteriorly, the fibres of the fasiculus unci- 
natus pass to the tip of the Occipital Lob>c and to the convolutions 
along the lower and outer edge of the Hemispheres,, whilst a con- 

* This, thtrefo^, would seem to contain fibres serving to connect 
two distant portions ofJHihe same ‘ Thalamus * with one another. 

t As these ‘ peduucils ’ of the Pineal Body are continuous with 
one another posteriorly, they may form a sort of Transverse com- 
missure’ for those regions of <^ach Thalamus from which the 
‘ anteriy pillars ’ of the Fornix proceed. 

X Journ. of^Mental Science,” Ap. 1870, pp. 10-16. 
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siderable group of them also proceeds to the tip of the Temporal 
Lobe. 

3. Other inferior and more superficial longitudinal fibres pass 
from the tip of the Temporal Lobe backwards (diverging as they 
go) into the floor of the ‘ descending cornu ’ and into that of the 
posterior cornu, where they become mixed with fibres of the Corpus 
Callosum. 

4. The Convolutions on the flat internal surface of the hemi- 
sphere, especially the * (pjrus for nicat us* contain longitudinal fibres. 
I’liese latter are said to extend from the * anterior perforated space’ 
in front (Corpus Striatum) backwards over the Corpus Callosum, 
round its posterior extremity, and thence, according to Fovillc, 
onwards to the tip of the 'Pemporal Lobe. 

5. Certain longitudinal fibres nervi's of Lane I si *) are sMimied 
on the upper surface of the Corpus (killosum in two series on each 
side (fig. 163). In front they also arc said to come into relation 
with the ‘ anterior perforated space,’ whilst posteriorly their des- 
tination is doubtful. According to Foville they join the ‘ posterior 
pillars ’ of the Fornix,* 

Other sets of ‘ commissural fibres ’ are not so distinctly 
longitudinal in direction, and they serve, moreover, to 
bring more immediately adjacent Convolutions into rela- 
tion with one another. 

Wo still possess a very inadequate knowledge of these 
multitudinous sets of fibres, but it.would be quite impos- 
sible here to attempt to render an account of all that has 
been made out in regard to them. A few illustrations of 
the best marked of these connections may, however, be 
given in order to convey some idea of the extent of inter- 
relation existing between contiguous Convolutions. 

Hroadbent says f : — “ The second or great l- 3 cen^ng parietal 

* These last two sets of fibres may tb^efore possibly pass by 
circuitous routes from ‘ sensory ’ regions in the Temporal Jjobe to 
the corresponding Corpus Striatum. Other regions of this Lobe 
seem to be connected with the same body in a much more direct 
manner, i.e., by fibres which cross the Sylvian fissure (p. 

t Loc. cit. p. 11. 
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gyrus has complicated connections with the adjacent convolutions 
behind it, and receives large bands of fibres from the posterior 
part of the hemisphere by means of the axial longitudinal system ; 
it is also extensively connected with the anterior parietal convolu- 
tion, and sends forwards, deeply, fibres to all the three frontal con- 
volutions. The second frontal, besides receiving fibres from the 
axial system and i)arietal convolutions, is connected with the first 
and third frontal gyi*i, between which it lies, by numerous large 
lamina), which do not simply dip transversely under the interven- 
ing sulci, but run tortuously forwards or backwards, their inter- 
twinings being too complicated to admit of either descri})tion or 
representation. Fibres, moreover, cross transversely under the 
second frontal gyrus from the first to the third.” 

The convolutions of the I’emporal Lobe are most distinctly con- 
nected with others in the Occipital and in the Parietal Lobes, and 
Eroadbent adds,* it is “ worthy of mention that between the infra- 
nnirginal Sylvian and parallel gyri separated by the deep paralh'l 
sulcus, there is the most extensive commissural connection to be 
found between adjacent convolutions in the entire brain.” Recent 
physiological experiments, as we shall see in the next chapter, 
render this observation one of great importance. 

M’he bulk of the fibres from the radiating convolutions of the 
* island of Reil,* form a thick layer that is in relation with the 
convolutions into which its anterior and upper margins pass, \iz.: 
those of the posterior border of the orbital lobule, the third frontal 
and the ascending parietal gyri. The course of these fibres is very 
intricate. Fibres also pass between the convolutions of the ‘island 
of Reil ’ and the posterior part of the hemisphere ; whilst a few 
proceed from, or pass between, the centre of the island from the 
overhanging tip of the Temporal Lobe. No fibres connecting these 
convolutions with the Corpus Striatum or Thalamus have yet been 
recognized, although they lie immediately outside the former body, 
and may therefore receive a few filaments from its extra-ventricular 
grey nucleus. ^ • 

From wliat lias Ijlen said concerniiig tho distribution of 
the fibres of the Corpus Callosum, of the various longi- 
tudinal sets of ‘ commissural fibres,’ and of those which 
pass in dilforout directions between more or less con- 

' Loc. cit. p- 15. 
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tiguous Convolutions, the reader will not find it difficult 
to believe what seems for many reasons probable, that 
in thQ white substance of the Hemispheres, the mass of 
which is so large, fibres of the Crus or from the Central 
Ganglia on their road to or from the surface must, as 
Broadbent points out, bear a small proportion to the 
fibres passing from one part of the ^surface to another 
either in the same or in opposite Hemispheres — or, to put 
it in the phraseology of Meynert, the fibres of the ‘ pro- 
jection system ’ are, in the aggregate, small, when com- 
pared with those of the ‘ association system.’ 

c. CommisHiircs hrinr/inij the Ce.rehellum into relathni 
with the Cerehrnm , — These correspond with what arc 
known as the Upper Cerebellar Peduncles, though it is 
possible that the Middle Peduncles ought also to be in- 
cluded under this category. The distribution of these 
parts will be referred to in the next section. The Lower 
Peduncles, though they pass through a portion of the 
Medulla, serve in the main to place tbo Cerebellum in 
relation with the Spinal Cord. 


5.— The General Structure of the Cerebellum, and its 
Relations with other parts. 

The Cerebellum or ‘Little B^ain,’ unlike the Cerebrum, 
is a solid organ whose two halves are continuous with one 
another. If a horizontal section be made through the 
middle of the Cerebellum, there*will be see^, in its interior, 
on each side, a plicated bag-like nucleus of Gfey Matter, 
whose open extremity is directed forwards and inwards 
(fig. 156, 14). 

The different Lobes of which the Cerebellum is composed 
have been already referred to, as well as the mamier m 
which they are subdivided. But the e:^ent and mode of 
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subdivision of the surface of the organ will be best com- 
prehended from figs. 156, 162, 165. These show the rami- 
fied nature of the peripheral segments of the Cerebellum 
and the large proportional bulk of its surface grey matter, 
wlioii compared with the mass of ‘ white substance ’ which 
this matter everywhere encloses, except in the direction of 
its Peduncles. 


The Pedun- 
cles of the or- 
gan, of which 
there are three 
pairs, are tlie 
parts that servo 
to connect it 
with other di- 
visions of the 
Brain and with 
the Spinal 
Cord. 

The Upper 
Peduncles of 

the Cerebel- 
lum are thick 
hands of fibres 
that proceed 
from its an- 
terior border 



Fin. 105. — Tlic Upper Peduncles of the Ccrchellum, the 
Fourth Ventnelo, and eontignous parts. (Sappey, after 
nirsehfcld.) 1, Median groove in floor of fourth ventricle; 
' 2 , wliitc fibres by which the auditory nerve tonninatos; 
y, inferior CcrebiUar Peduncle ; 4, posterior median column ; 
5, superior Cerebellar Peduncle, crossing the inferior on its 
inner side ; (5, 7, upper and iKisterior aspect of the Cerebral 
I’eduuclo ; 8, Corpora quadriga niiua. 


ui a slightly CO j^wgent direction to the posterior pair of 
the quadrigeminal bodies/ beneath which they pass. In 
this situation they fecussafe, and the fibres of each set 
then proceed to a large nucleus of ganglionic matter, in 
the upper or sensory portion of the Crus Cerebri, usually 
hnowi^s the ‘ red nucleus.’ Thence the course cf these 
or of related fibjys is uncertain, I at they aro now com- 
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monly believed to pass under the posterior extremity of 
the Thalamus, and from this body to different regions of 
the Cerebral Cortex — though they have not been actually 
traced further than into different parts of the ‘corona 
radiata.’ 

Nothing, therefore, is known as to the particular Con- 
volutions wifch which the Cerebellufn is brought into 
relation through these fibres of the Upper Cerebellar 
Peduncles. On the Cerebellar side, however, these par- 
ticular fibres are thought to be partly in immediate 
relation with the cortex of the inferior portions of the 
Middle Lobes (fig. 165) ; whilst others of them, on each 
side, are in communication with, or enter the bag-like 
grey nucleus (fig. 156) before passing to different portions 
of the Cerebellar Cortex. 

Between these converging Upper Peduncles there is a 
thin lamina of nerve matter known as the ‘valve of 
Vieussens ^ that suffices to connect the Middle Lobe of 
the Cerebellum with the Corpora Quadrigemina. This is 
a structure which in lower Vertebrates, such as Fishes, 
is proportionately more developed, and serves to bring their 
large ‘ optic lobes ’ into structural connection with the 
only portion of the Cerebellum that they possess, viz., 
the Middle Lobe. This lamina forms the roof of the 
upper or anterior half of the ‘ffourth ventricle ' (fig. 152) 
and also of the first part of the passage between this 
cavity and the ‘ third ventricle.' 

The Lower Peduncles, or i^restiform bodies ' as they 
are also termed, connect the Cerebellum \^h the Medulla 
and Spinal Cord (fig. 165). Within^the Cerebellum the 
fibres of these Peduncles are said not to come into relation 
with the cer tral bag-like grey nuclei, but to pass at once 
to different regions of the cortical grey matter. 

The inner portion of each Lower Peduncle app^rs 



Chap. XXIIL] 


OF THE HUMAN BRAIN. 


463 


be made up by the centi-ipetal prolongations of the Audi- 
tory Nerve ; the fibres of which are traceable from its own 
‘ external nucleus ’ to the ‘ nucleus du toit ’ of Stilling on 
the same and on the opposite side. But the outer portion 
of the Pedun- 


cle, Meynert 
says, is de- 
rived from the 
opposite ‘ pos- 
terior column’ 
of the Cord in 
the following 
manner. The 
fibres of the 
posterior me- 
dian column 
( ' funiculus 
cuneatus et 
gracilis ’) en- 
ter or come 
into relation 
with the gang- 
lion cells of 
th«f corres- 



Fio. 166. - The MMdlo Cerebellar Peduncles and Pons, 
with C{*ntig\iou» Parts. (Sappey, after llirschfeld.) 1, 
Optic Commissure; 2, Timber Cineroum and Pituitary ped- 
icle ; 3, Corpora mammillaria ; 4, Intcr-pcdiincuhir space ; 


ponding ^ oli- 
vary body ’ ; 
thence they 


5, Cerebral peduncle ; 6, 0, Median groove on Pons, with (7) 
a slight prominence on each side; s, origin of the trige- 
minus ; 9, superior transverse fibres of the Pons ; 10, 10, its 
median fibres ; 11, it.s lower fibres dipjung beneath the for- 
mer; 12, 12, middle Cerebellar peduncles, formed by the 


cross tllG me- of these three acts of fibres ; the loft peduncle is 

T . ^livided near fts origin, the right is in part dissected out. 

Uian line* of 13 , Spinal Conl: 14, median furrow of the Medulla; 15, 15, 

the Mpflnllfl tiou of the pyramids (If) ; 17, Olivary body ; 18, Arci- 

UUlia, ibres. 

behind the 


‘anterior pyramids,’ to pass round the opposite olivary 
body before emerging in the form of ‘ arcuate fibres ’ at 
thepdfi,erior audjateral region of the Medulla. Here they 



464 


THE INTERNAL STRUCTURE 


throw themselves into, and ascend as part of, the Lower 
Peduncle. Thus, the fibres of each ‘ i)osterior column * 
sink beneath the surface of the Spinal Cord, and after 
passing through the corresponding ^ olivary body ’ and 
thence crossing the middle lino of the Medulla and pass- 
ing round the opposite ‘ olivary body,' they emerge as 
parts of the ' restiform body ' or Lowfer Peduncle of the 
Cerebellum. This arrangement is not to be regarded as 
established beyond the reach of doubt : it is in fact denied 
by Luys. 

The Middle Peduncles together form the ‘pons Varolii.’ 
Tlie fibres of each (fig. 166 ) emerge from diJfcrent parts of 
the cortical substance of the corresponding ‘ lateral lobe ' of 
tlie Cerebellum ; and whilst a few of its fibres are believed 
to be ‘ commissural ’ in nature, and merely to pass across 
from one to the other of these lateral lobes, the majority 
of the fibres of one side decussate, at the middle line, 
with those of the opposite Middle Peduncle. By their 
intervention each half of the Cerebellum is brought into 
relation either with the motor fibres descending from the 
opi^osite Corpus Striatum (in the corresponding Cerebral 
Peduncle) ; or else with some of the cells of the Corpus 
Striatum itself, owing to some of the Cerebellar pedun- 
cular fibres bending upwards from the ‘ pons ’ to end in 
these ganglia — ^just as others, tillving a similar course, are 
thought to pass through them on their way to the Cere- 
bral Convolutions. 

All that is positively known i% that each ‘ lateral lobe ’ 
of the Cerebellum is principally in relation, tHrough its 
Middle Peduncle, with the ‘ motoiL tract ’ from the 
opposite Cerebral Hemisphere. And this fact itself is one 
of some importance, since, amidst all the other doubts 
concerning the Cerebellum it would seem positi^ly 
imply that the bulk of the fibres of .these par^ular 
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Peduncles are ‘outgoing’ or motor fibres — a conclusion, 
w'bicli is harmonious with other evidence. Whether, how- 
ever, there are points of junction with cerebral motor 
fibres of the opposite side in, or in the neighbourhood 
of, the ‘ pons ’ itself, as Luys imagines ; or whether such 
cerebellar fibres really pass upwards to the cells of the 
Corpora Striata — o]^ even beyond them, to some portions 
of the Cortex of the Cerebral Hemispheres — are details 
which cannot at present be decided. 

6.— The Minute Structure of the Grey Matter of the 
Cerebellum. 

The cortical Grey Matter is uniform in appearance 
all over the innumerable folds of the surface of the Cere- 
bellum. To the naked eye it is divisible into two layers 
(fig. 167), an outer clear grey, and an inner, as well as 
narrow'or, greyish red layer. Within the grey layer of 
each fold is a stem of white substance. 

In the deepest part of the outer layer there is a single 
row of hn-ge ganglion cells to g J-Q of an inch in 

diameter, w'hose large branching arms ramify throughout the 
whole of this stratum, becoming finer as they approach 
the surface (fig. 167, t, h). The ultimate ramifications of 
the4?ie nerve processes, together with a kind of connective 
tissue substance, unite to Torm a most delicate matrix of 
fibres, amidst which are interspersed a number of small 
corpuscles. These are either mere nucleoid bodies or 
Rniall angular cells, and liJm the similar corpuscles in the 
gi*ey mattdi* of ^le Cerebrum it is impossible to say which 
should be regarded Is belonging to the connective tissue, 
and which have a right to the title of nerve elements. 
Many of them, as W. H. O. Sankey has ascertained, are 
in direct continuity with the ramifications of the ganglion 
cells.^ Running ^long the inner part of this layer across 

H u 
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the direction of the large branches of the ganglion cells 
are a number of fine nerve fibres. 





Fio. 167.~Gr#y Matter of the Cerebellum, Section of, xnaffnifiod abo 
diametem. (Sharpey, after Sankoy.) a, pla mater of Cerebellum ; b, Jstem 

layer ; c, ganglion colls ; d, inner greyish-red, or so-called granule la^g^i » 
of white fibres. « 
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The great ganglion cells encroach upon the outer border 
of the next stratum, which is the so-called ‘ granule layer.* 
Here arc massed together a multitude of corpuscles from 
4(H)o' ^57)0 diameter, very similar to 

those more sparingly scattered through the outer layer. 
The inner process of each large ganglion cell is said to be 
single and undivided, but as it is very fine it is soon lost 
to view in the dense ‘ granule layer * into which it passes. 
The mode of connection of the central stem of white fibres 
with the granule layer and with the elements lying out- 
side it, is at present very uncertain. ‘ Granules,’ or cor- 
puscles of the same kind, are also, though more sparingly, 
scattered through this white substance. 

It seems most probable that some of the fibres in each 
stem of white substance are ‘ afferent,’ and that others 
conduct ‘ efferent ’ impressions or impulses. The former 
fibres may divide in the ‘ granule layer,’ so as to come 
iiito relation with two, three, or more of the great ganglion 
cells ; and the outgoing stimuli may pass from these 
groups of cells through their ramifying branches in the 
outer layer, and thence through continuous rootlets of 
‘ outgoing ’ fibres which, coalescing as they go, pass 
through the ‘ granule layer,’ and away through the stem 
of white substance. 

This latter is a hypothetical arrangement, but one which 
Heems to the wTiter to be most in accordance with the 
actual structure of the grey matter of the Cerebellum. 

7.~-The CJei^al Connections of the Olfactory and 
Optic Pedunlles, as well as of other Cranial 
Nerves. / 

The Olfactory Peduncles or "tracts,’ and the Optic 
Peduncles or ‘tracts' are generally regarded as some- 
different from ordinary nerves. They are looked 

H H 2 
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upon as special out-growtlis or prolongations from the 
Brain. A distinction of this kind is undoubtedly legiti- 
mate in regard to many of the lower animals. It is so, 
for instance, in Fishes as well as in some Reptiles and 
Mammals, in which the Olfactory Centres are extremely 
well developed ; and also in Insects and Cephalopods in 
which the eyes and Optic Centres are Very large. But in 
Man, in whom neither the sense of Smell nor the sense of 
♦Sight is so inordinately developed, and in whom the cor- 
responding primary Centres are relatively small, any such 
distinction is less obvious. In his case, indeed, there is 
no good reason for maintaining it, in regard to the Optic 
‘tracts,’ since these parts differ little in appearance from 
ordinary nerves. There is more reason, however, for such 
a distinction in reference to the Olfactory ‘ tracts,’ because 
even in Man the Olfactory Ganglia exist as outl^dng por- 
tions of the Ih’ain, from which minute Olfactory Nerves 
descend to the nasal passages. 

The course and central connections of these parts 
require to bo briefly set forth. 

The Olfactory ‘ tract ’ is connected with the posterior 
region of the orbital surface of the Hemisphere by three 
roots ; of these the external goes outwards to the inferior 
extremity of the Temj^oral Lobe of the same side, as 
may be easily recognized in tho^e Mammals in which the 
Olfactory Lobes are large, though only with some difficulty 
in Man. The inner root enters the Hemisphere near its 
inner border, and a little in front of t^ Optic Com- 
missure. The further relations of the fibres of the 
Olfactory Tracts, and the fact that the^. come into relation 
on each side with Convolutions of tlie corresponding and 
not with those of the opposite Hemisphere will be subse- 
quently referred to (see x^p. 482, 488). ^ 

The Optic ‘ tracts ’ are the continuations of the uptic 
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Nerves backwards, behind the Optic Commissure. Each 
‘ tract ’ is in contact with and turns round the outer 
border of the Cerebral Peduncle, becoming flattened as it 
proceeds. Here each of them comes into relation with 
two small ganglionic nodules (known respectively as the 
internal and extern},! * geniculate bodies *) situated at the 
posterior extremity of the Thalamus (flgs. 168, e, i; 156, 8), 
contiguous to the adjacent anterior segment of the Quadri- 
geminal Bodies, with which, as well as with the Thalamus 
itself, many of its fibres, if not all, come into relation 
before being continued onwards to certain regions of the 
cortex of the corresponding Cerebral Hemisphere. 

Although the subject is by no means free from doubt 
and uncertainty, the weight of evidence seems now most 
in favour of the view that the ‘ decussation ’ at the Optic 
Commissure is as complete in Man as it is known to be in 
low^er Vertebrates.^ This subject will be again referred 
to in a subsequent chapter in connection with the question, 
as to wdiat parts of the Cortex of the Hemispheres are 
most intimately concerned with Visual Impressions. 

Thus it would appear that Olfactory Channels do not 
decussate at all, and tf)at Optic Channels decussate com- 
pli^tely. Yet the crossing of the latter channels takes 
place outside the substanqp of the Brain, so that in this 
respect the arrangement dilfers from that which will be 
found to obtain for the next two sensory ‘ Cranial Nerves,* 
viz. : the Fifth and the Auditory. 

The pogitio^ of the Kfth Nerve and its superficial 
connection with tl^ lateral aspect of the ‘ pons Varolii ’ 
^i^y be seen in (/g. 168, v). Its sensory fibres after 
passing through the * Gasserian * ganglion are gathered 
together into the ‘ greater root,* the fibres of which, like 
thos^f the ‘ posterior roots ’ of the Spinal Nerves, soon 
•See Perriflr. “ Functions of Brain ” pp. 70 and 16G. 
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cross over to the opposite side, and go to form part of the 
sensory tract or ‘ tegmentum * of the opj)osite Cerebral 
Peduncle (see p. 478). 

The Auditory Nerve enters the side of the Medulla just 
below the ‘ pons ’ in close relation with the root of the 
Facial Nerve. About the subsequent very complicated 
course of its fibres we still have much to learn. A large 
section of them, at least, seem to enter the Cerebellum, 
and the mode by which the opposite Cerebral Hemisphere 
is brought into relation with its fibres and nuclei of origin 
is altogether ohsciire. Meynert even says — “We may 
regard it as certain that no extensive Immediate connection 
of the auditory nerve with the Cerebral lobes exists, but 
that such a connection, the existence of which may be 
assumed as a necessary physiological truth, can only come 
to pass indirectly through the Cerchellumd^ 

How far this view of Meynert’s is absolutely correct 
cannot at present bo determined. We do know, however, 
from evidence which will be subsequently referred to in 
regard to Hemi-annesthesia (p. 487), that a decussation 
of auditory channels takes place, and that these channels 
ultimately become incorporated wUh other fibres of the 
Cerebral Peduncles comprised within the posterior third 
of what is known as the ‘ internal capsule.’ 

It must, moreover, not be forgotten that, according to 
Cyon (p. 218), what is named by him as the Space-nerve 
(Raumnerv) is also bound up with, and forms part of the 
trunk commonly known as the ♦Auditory . 4 * 
course of the portions belonging to (|ich of these nerves 
will, if this view be correct, have \) bo subsequently 
determined a id differentiated. It may be that it is the 
fibres of this Space-nerve more especially which come 
into immediate relations with the Cerebellum (see 
* Strieker’s Histology, vol. ii. pi^JOG, 
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The other two sensory nerves of the Medulla, the 
Glosso-pharyngeal and the Pneumogastric, will be referred 
to in the next section. The situation of the ^ motor ' 



d aa, eZ 


Fio. 168.— Enlarged View of jKut of the Base of the Brain to which the Cranial 
Norvo.s are attached. (Ferrier, after Allen Tht»ni8‘>n.) 

Oit the right side the Convohiticms of the Central lobe (C\ or Island of Beil, have 
been left, on the left the incision has been carried between the Thalamus {TH) and 
the Hemisphere. I', Olfactory Nervd*cut short ; II, Optic Nerve in front of Com- 
nilssure ; II', Bight Optic tract, e. Tlio external, and f, the internal ‘corpus genicu- 
latum ’ ; h. Pituitary body ; t c, Tuber cinercum and Infundibulum ; a, one of cor- 
pora mammilhvria ; P, Cerebral iiedunclo. Ill, Third nerve (oculo-motor) ; IV, Fourth 
iicrvo (patheticus) ; P F, Pons ; V, the greater root of Fifth nerve (trigeminus), -f , 
The lessor or motor root ; on the rig)||t side this is pliuied on the Gasserian ganglion. 

2, 3 , The thipo diAions of tli«. Fifth nerve ; 6, Sixth nerve ; Vila, the Facial ; 
V 116 , the Auditory; VUI, t]|9 Vagus or Pneumogastric ; Villa, the Glosso-pharyn- 
geal; VHI6, the Spinal-jvcc Jsory ; IX, the Hyinj-glossal ; /I, the ‘flocculus’ of Cere- 
bellum; pa, anterior Pyreihid; o. Olivary body; r, Bestiform body; d, anterior 
luodian fissure of the Spinal Cord, alx^yc which is the ‘decussation’ of the Pyramids ; 
the anterior, and e I, the lateral column of the Spinal Cord. 

nerv^will be seen by an examination of fig. 168 , though 
*10 fittther referqpce to them is hb?*'' needed. 
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B.—The Connection of the Visceral System of Nerves 
with the Brain. 

The relation of the Systemic Nerves to the Brain is not 
essentially different in Man from what obtains in the great 
majority of higher Vertebrates. In all alike the Visceral 
System of Nerves is divisible into ' two parts, whose 
connections with the Brain are partly ‘ direct * and partly 
‘ indirect.’ 

1. The Cerebral Systemic Nerves.—Thc lowest seg- 
ment of the ]h*ain — the Medulla — is placed in immediate 
relation wdth the greater number of the viscera of the 
body through the intervention of the Gloss()- 2 )haryngt'al 
and the Vagus, as * ingoing ’ nerves. They connect it 
with the whole length of the alimentary canal below the 
buccal cavity ; with the respiratory organs ; with the heart 
and some of the great vessels ; w’ith the liver, the spleen, 
the kidneys, and possibly also with the internal organs of 
generation. 

From the same region of the brain (the Medulla) certain 
* outgoing ’ fibres are also given off to some of the above- 
mentioned internal parts or viscera. These efferent or 
motor fibres arc not gathered together into sei)arato 
trunks ; they are principally wrapped up with, and con- 
stitute parts of, the Glosso-phliryngeal and the Spinal 
Accessory Nerves. The viscera wdiich do not receive 
‘ outgoing ' fibres from this source are supplied witli them 
from the Spinal Cord and the# nervous a^aratus now to 
be mentioned. * 

2. The ‘ Great Sympathetic ^ an elaborate ami 
extensive system of nerves, and consists of the follow- 
ing parts ;• — (a,) A ganglionated cord lying on each side 
of the vertebra! column, each of which is connected^bove 

with the 5th, the 6th, the 7th, the 8^, and the 9th 
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pairs of Cranial Nerves, and also with the anterior branches 
of the several Spinal Nerves along the whole length of 
the Cord. The latter communications are mostly brought 
about, on each side, by pairs of filaments (some of whoso 
fibres are ‘afferent* whilst others are ‘efferent*), passing 
between the several anterior spinal nerves and the corre- 
sponding ganglia of the ‘ Sympathetfc ’ — the latter being 
situated a little in front of the spinal nerves (fig. 170). 
Other Ganglia, moreover, are founds at the junctions of 
some of the above-mentioned Cranial Nerves w^ith the 
lateral cords of the ‘ Great Sympathetic.* 

(h.) From the ganglionated cord on each side, numerous 
internal branches are given off which unite with one 
another, with those of the opposite side, and with filaments 
of the Vagus Nerves, so as to form either great lHexusf>i 
or Gamjlia, or both together, whence multitudes of nerves 
are sent to or received from the various Viscera. On the 
course of these latter nerves smaller ganglia are often 
found. 

The principal systemic Plexuses are situated about the 
heart and roots of the respiratory organs ; in the neigh- 
bourhood of the stomach (‘ solar jilexus *) ; and also in 
the vicinity of the bladder and internal organs of genera- 
tion. 

The nerves in connection ^ith those Plexuses wliicli 


3, its anastoraciaes with a branch of tho Spinal-accoHsory ; 4, niaryngeal branch ; 
5, superior Laryngeal nerve; 6, external Laryngeal; 7, Laryngeal plexus; 8, snperioi 
Cardiac nerve ; 9, middle Cardiac ; 10, 10, recurrent Laryngt^ nerve ; 11, Pulmonary 
ganglion ; 12, its anastomoses with tho great Sympathetic ; ra, posierior pulmonary 
l)lexus ; 14, OEsox)hageal plexus ; 16, anastomoses of tfe right with the left Pneumo- 
gastric ; 16, bra.iches of the CardlacJ extremity of tholltomach ; 17, branches of tin* 
smaller curvature ; 18, branches of the anterior face ; 19^opatIc branches ; 20, Glosso- 
pharyngeal nerve ; 21, Spinal-accessory ; 22, its internal bi*anch anastomosing with 
the Pueumogastric ; 23, its external branch i^roccedlng to tho Traijezius and anas- 
tomosing with (24) the fourth Cervical nerve ; 25 , supedor, and 26, middle Cervical 
ganglion : 27, inferi r Cervical ganglion united with tho first Dorsal ^8, 29, 
Dorsal ganglia; :>o, :^reat Splanchnic nerve; 31, origin of tho Phrenic ncr^ 

In this figure, tho Heart has been cut away, tho loft Lil||pf drawn forward and its 
root ^«'*rtly diesi’cted, and the Liver has been partly refiocMl^om the Stomach. 
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proceed from or to the Viscera are mostly distributed along 
the course of the Blood-vessels. Some of the fibres 
of this system are specially distributed to the coats 
of the Vessels, and are, from the nature of their 


functions, known as " vaso- 
motor nerves.’ A portion of 
these must have ‘ afferent ’ func- 
tions whilst others transmit 
‘ efferent * impulses, causing the 
vessels to contract, so that by 
means of such nerves, the 
amount of blood flowdng through 
particular vascular territories 
may be easily regulated. The 
‘ vaso-motor ’ nerves are con- 
nected with small ganglia dis- 
tributed over the vessels. To 
some extent motor stimuli 
emanate from these, though tho 
whole ‘ Vaso-motor ’ system of 
the body seems to be amenable 
to tho influence of a ‘ regulative 
centre ’ situated in the Medulla, 
together with other subordyiate 
centres in the Spinal Cord. 



Pig. 170. — One of tho Sympathetic 
Ganglia from the right Lateral Cord 


Whilst the Sympathetic Sys- oTsW:^: 

tern probably contains its own thoUc ; Rc, Rc, two communicating 

• • rt* j 1 j.* branches ; Spl, Splanchnic or Vis- 

intrinsic agere# and elierent ceral nerve ; smaU nerve ; a, gan* 


nerves, it also seoi« to send f 

y., g ^ diameters.) 

ftnrough the heforf-mentioned 


communicating filaments) afferent nerves to the grey 
Blatter of the. Spinal Cord, and to receive therefrom certain 
cffere^i^ motor and other fibre: s. This great Sympathetic 
System of nerv^is to a certain extent an independently 
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developed system, though it also holds relations to tho 
Spinal Cord closely resembling those which exist between 
the two ‘ Cerebral Systemic Nerves,’ and the Medulla. 

By tho arrangements above described, not only is the 
harmonious activity of related Viscera facilitated, but the 
simultaneous activity of Visceral and Corebro- spinal Nerve 
Centres is ensured, where such conjoint activity is needed 
— as in tho respiratory processes, in oviposition and in 
parturition, or in the voiding of excreta. Again, by reason 
of the direct or indirect connection of the Viscera with 
the Brain, the organic states of the various organs are 
capable of influencing tho temper’ or mental state of the 
individual, either unconsciously or consciously. Visceral 
states may, independently of their conscious realization, 
prompt to automatic or Instinctive Acts ; or, they may im- 
press themselves upon the Conscious Life of tho individual, 
and lead more or loss directly to a scries of Voluntary 
Actions. 



CHAPTER XXIV. 


the: functional relations of the trincipal parts of 

THE BRAIN. 

We now pass from the consideration of details of struc- 
ture to the question of their significance, and shall 
attempt to enable the reader to form some notions — 
meagre though they may be — of the way in which the 
hraiii acts in the performance of the simpler of its 
functions. 

In this attempt we shall have to be guided by tliree 
seta of facts and inferences : — (1) Tliose gathered from the 
study of the Anatomy of the Nervous Systems of lower 
animals and of Man ; (2) those derived from Experiments 
vith lower animals, in A^hich Nerves or other portions of 
tlie Nervous System have been either stimulated or 
destroyed ; (8) those reported by medical men who have 
paid t^pecial attention to the* symptoms arising from irri- 
tative or destructive Diseases or Injuries of different por- 
tions of the Brain in Man. 

In each of tli^e directioms our knowledge has, Avithin 
lecent years* been ’ making very ajqn’cciablo strides and 

still progressing. / 

In this preliminary chapter on the mode of action of 
fbe Brain, the reader’s attention will be called to what is 
known ^ncerning three sets of structural relations which 
of fundamental^^ importance. 
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1.— The Cross Relation existing between the Cere- 
bral Hemispheres and the Lateral Halves of the 
Body. 

The bodies of the great majority of Invertebrates, as 
well as of Vertebrate Animals, are bilaterally symme- 
trical — at least ‘as regards all Bxtenuil organs and 
all parts of their Nervous System. So that if a median 
vertical plane were to divide one of these animals iii a 
longitudinal direction, each half of the body would be 
found to he similar to the other in all respects externally, 
and each, also, would contain the half of a Nervous System 
similar to that of its fellow. 

So far as we know at present, however, the relation 
which the double Nervous System of the Invertebrate 
hears to its double body is difFerent altogether from 
the relation subsisting between the same parts in the 
Vertebrate. In the former the half of the Brain con- 
tained in either half of the body is in immediate connec- 
tion with the sensory organs and surfaces, as well as 
with the motor nerves and muscles, of the same side of the 
body. In Vertebrates, on the other hand, it is not so. 
In lower members of the series to some extent, and in 
the higher forms (including Quadrumana and Man) 
to a more perfect extent, a dross relation exists between 
the Brain and the body, so that each half of the ]3rain 
is connected with the Sensory Organs and surfaces of 
the opposite half of the body, and also with its Muscles. 
The former relation is brought about %y tlie ‘ sensory 
channels decussating at the base oit the Brain and along 
the Spina’ Cord ; and the latter is due to the fact that 
the nervc-channels for ^ outgoing * or motor stimuli pass 
from each half of the Brain to the opposite side of 
the body, decussating with one anothe][ in the MS6ulla« 
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Very few explanations have as yet been attempted of the 
mode of origin of this crossed relation between the Brain 
and the body. The subject is generally passed over in 
silence, and though our knowledge of the exact anatomical 
relations existing in lower animals is not yet ripe enough 
for a thoroughly satisfactory answer, a few suggestions 
may here be offered which, if they do* nothing else, will 
perhaps serve to direct more attention to this very inte- 
resting question, and at the same time indicate some 
of the directions in which more precise information is 
needed. 

The essential nature of the problem comes out most 
distinctly if the reader attempts to picture to himself the 
existence of a double Nervous System in Vertebrates in all 
respects similar to what it is, except for the fact that 
neither its sensory nor its motor channels decussate. 
With the two halves of the Brain and Spinal Cord, as 
freely connected by transverse ^commissures’ as they are at 
present, a direct relationship of this kind would seem to 
be the most natural arrangement, and it is not, therefore, 
at all clear why such a plan should not exist and work as 
weft for Vertebrates as it does for Invertebrates. The 
question to be answered, then, is — What conditions have 
arisen in Vertebrate Animals tending to initiate, and 
fiiiaMy to perfect, such it crossed relation between the 
Kraiu and the body as we find existing in Man and the 
higher Mammalia generally ? 

The folio wiim coiisider4|.tions seem to the writer to 
throw som^ ligm; upon this subject: — 

1. Movements take ^lace in response to sensory impressions of 
various kinds, and (for our present purpose) they may be divided 
into two classes : — (a) those in which related muscles on the two 
sides of the body are called into simultaneous activit}'^ — as with the 
trunk Muscles concerned in the locomotions of Fishes and many 
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limbless Reptiles ; and (?>) those in which muscles on one side, and 
especially of one limb, are called into activity alone — either in an 
ordinary reflex or in a volitional manner, 

2. The great bulk of the movements of Fishes and of Ophidian 
Reptiles would belong to the former category, and as Broadbent* 
first pointed out (in regard to Man) we have evidence to show that 
movements of this class mi^y be equally well evoked by a stimulus 
passing from either side of the Brain to oni3 of the halves of their 
double but intimately combined Spinal Centres. This being so, it 
would, perhaps, be a matter of comparatively little importance for 
such creatures whether some particular leading sense organs, suck 
as the eyes, were respectively in structural connection through 
their optic nerves, with the half of the brain on the same side 
or with that of the opposite side. 

3. Fishes are the animals in which we first find a cross arrange- 
ment of certain imjiortant sensory channels. 'I’heir Optic Nerves 
decussate in a very complete manner.f We do not know for cer- 
tain, however, that any of their other sensory channels are similarly 
disposed ; neither is there any evidence to prove that the fibres con- 
stituting their motor channels decussate with one another. 

4. In Fishes, then, we have to db with what may be, and prob- 
ably is, a mere partial initiation of the cross relation between the 
Brain and the body ; and it seems conceivable that such a relation 
may have been determined in some of the earliest Fishes, or at 
least favoured, by two or three of the physical ])couliarities of such 
creatures. The elongation of the head of a Fish — a coiiforinatiou 
which is doubtless in intimate relation ^/itli the animal’s life and 
movements in an aquatic medium — togetber with the lateral posi- 
tion of its eyes, may ha\ e bad something to do with the fact of the 
occurrence of a decussation of the budding optic tracts in some of 
the early forms of Fishes.J 

* “ Brit, and For. Med. Chir. Review,” 1866. 

t Though according to Fiebold aflk exception this rule is to be 
found in the case of Jhlellostoma, one of the Myxinoid or lowest 
class of Fishes. \ . 

J Marshall (“ Outlines of Physiology,” wl. i. p. 602) endeavours 
to account lor this one primary decussation by sui^posing it to 
dcYjend upon iVio lateral reversion of OY:)tic images occasioned by 
the concave ejax)e of the retina in Fishes. But his reas^s seen 
unsatisfactory, because with a similarly shq^ed retina no cross 
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5. Bat when distinct limbs appear in higher Reptiles, and when 
in Birds and Mammals the movements of more or less similar limbs 
Ijecome increasingly volitional and independent of one another, two 
additional results might be expected to follow the primary decussa- 
tion of the Optic Nerves (howsoever this may have been deter- 
mined) : — (a) those other ‘ sensory * channels whose impressions are 
most concerned in the instigation of limb movements would also 
tend to decussate, becau«c it would be very essential that more or less 
unilateral Tactile and Auditory Impressions should be brought into 
relation centrally with Visual Impressions coming from the same 
side of the body; {h) coincidently with the establishment of a 
decussation of the ‘ sensory * channels — and especially those of the 
Tactile Sense and common sensibility — in animals accustomed to 
perform unilateral voluntary movements, we might expect that 
there would be a tendency to the establishment of an answering 
cross-relation between the ‘ motor ' channels of the Cerebro-Spinal 
System. Thus, that half of the Brain which has first received the 
instigating sensorial impressions would be enabled to send forth the 
motor stimuli — both for the reflex and for the volitional movements 
of limbs on one side of the body. And, if there is to be no separate 
decussation for the channels of reflex and volitional motor incita- 
lions respectively, such crossings of motor channels as we find 
existing in the Medulla of Man and many other Yt^rtebrates (/.e. 
at the ‘ decussation * of the Pyramids) would seem to be the only 
natural arrangement. 

t). This more comi3lete cross arrangement seems only to be 
perfected to the extent indicated, in higher Mammals and in 
Man. 

relaty^n exists in Cuttlefishes ; stcondly, because there is no evidence 
to show that the ‘ motor ’ channels undergo any similar decussation 
(though this hypothesis assumes its existence) in the lower limbless 
Vertebrates, in whom the decussation of the optic tracts becomes 
initiated ; and, thirdly, because the experience of workers with the 
microscope t#nds^ show the ease with which adaptation of the 
movements of the hand# to ni^et the case of a reversal of the optic 
image— involving as if does, moreover, a reversal of upper and 
lower, as well as of lateral parts— is brought about. This latter 
reason helps to show that no important anatomical changes would 
needed, as Marshall seems to suppose, to meet the case of a mere 
rever80#of the optic images. 

I I 
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7. A cross arrangement of sensory channels would seem to be 
less essential in the case of Taste and Smell than for either of the 
other kinds of ingoing impressions, first, because the organs subser- 
vient to these endowments are situated more in the middle line of 
the body than either of the others ; and, secondly, because impressions 
of Taste and Smell are perhaps less immediately provocative than 
those of other senses, of unilateral limb movements. The nerves 
of Taste being, however, bound up with or forming part of two 
nerves of common sensibility (the Fifth and the Glosso-pharyngeal) 
they, as it were, follow the lead of, the nerve trunks to which they 
belong, and decussate with them. But in regard to Olfactory 
channels, it is, as matter of fact, notable that they are the only 
ones in which no decussation is known to occur, either in the lower 
animals or in Man. The Olfactory Centres of the two hemispheres 
are, however, very amply connected by means of commissural 
fibres — principally gathered together in, and for the most part con- 
stituting, the ‘ anterior commissure.* 

Thus, in brief, the writer’s view is this: — That the cross relation 
between the halves of the Brain and the body may have been 
initiated in some Fishes in a quasi-accidental manner, and that 
in the first stage of its existence it was, and still is, represented 
only by the decussation of the Optic Tracts ; that in higher animals 
possessed of well-formed limbs reflex and volitional movements of 
those of one side are very often evoked in response to unilateral 
sensory stimuli, so that in such creatures there would be a dis- 
tinct advantage if other sensory channcds, by decussating, were to 
be brought into relation, at their central termini, with those of 
the Visual Sense ; finally, the same influences, whatever they may 
be, which determine this additional sensory decussation, would 
lead to an establishment of the equally necessary sequential de- 
cussation of the motor channels for the limbs. The cross arrange- 
ment of sensory and motor channels met with in Man and higher 
Mammals is, therefore, to be regarded as an almost necessary 
sequence, from the point of view 4 of the evolution theory, ot a 
primary and perhaps quasi-accidental decussatiou the Optic 
Tracts in Fishes. 
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2.— The Functional Relations of the Cerebral Hemi- 
spheres with one another: the Duality of Body 

and the Unity of Mind. 

The two Cerebral Hemispheres are now generally 
admitted to contain tho ultimate prolongations of the 
* ingoing ’ nerves, or perves of Sense, ai\d to be constituted 
by the aggregation of the organic centres (abundantly 
interconnected by ‘ commissurar fibres) of all those higher 
mental processes which we have traced as derivatives of 
the exercise of conscious Sensibility, viz., the specially 
automatic processes of Perception, Ideation, Emotion, 
Conception, Reasoning, together with the more volitional 
processes of Attention, Recollection, Imagination, and 
Constructive Thought. Tho Cerebral Hemispheres con- 
tain, however, in addition to the Sensory Centres and 
those for the derivative processes above indicated, multi- 
tudes of fibres and some Centres for the conduction and 
proper grouping of ‘ outgoing ’ currents. 

Of the various transverse commissures, already described, 
that connect these parts with one another, one, of more 
importance than the others, now deserves some further 
attention. This is ths great transverse commissure, or 
Corpus Callosum, which, showing itself first in lower 
Manjmals, increases in sije in higher members of the 
series, till we find it attaining its maximum development 
in the brain of Man. As stated in the last chapter, the 
fibres of the Corpus Callosum pass across from Hemis- 
phere to l^emi^phere, so ffs to bring into relation corres- 
ponding areas of involutional Grey Matter. It does 
iiot pass equally be^een all convolutions, but especially 
between those which are also in relation with the great 
basal ganglia (Broadbent). Tho Anterior Commissure, 
thougj^a morphologically dist’act part, seems to have an 

I I 2 
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essentially parallel function, since its fibres also serve to 
connect similar convolutions on the two sides — viz., some 
of those situated in the Temporal Lobes. A similar 
function must also be assigned to the ‘ Psaltcrial Fibres,* 
which in part constitute the posterior bent portion 
(‘ genu’) of the Corpus Callosum itself (p. 443, notet). 

These transverse ‘commissural’ fibres are of much 
interest, because there is reason to believe that they are, 
to a considerable extent, in relation with that unification 
of Consciousness which unquestionably exists (as everyone 
can testify) in spite of the fact that the organs of Sensorial 
Activity are double throughout. Such Commissures are 
also, in all probability, very essential for the carrying on 
of the higher mental processes. In cases recorded l)y 
Dr. Langdon Down and others the non -development of 
this part of the Brain in human beings has been asso- 
ciated with more or less marked Idiocy ; but then, the 
arrest of development has for the most part not been strictly 
limited to the Corj)us Callosum. The Middle Commis- 
sure, the Fornix, or some convolutional regions have been 
often at the same time deficient. In some of the records 
cases in w^hich the Corpus Callosum has been only partially 
absent, there has been less degradation of the Intellectual 
Powers than might have been anticipated. In certain of 
these latter cases, however, th^ persons have eitlier died 
so young, or the morbid conditions have been so com- 
plicated, as to make them of comparatively little value 
for settling the question as to the real importance of the 
Corpus Callosum in the carrying on of mental processes.* 

According to the anatomical data furnished by Broad- 
bentf it is the Sensorial Regions of t\3 two hemispheres 

• See Knox, in “ Glasgow Medical Journal,” April, 1875, where 
fifteen cases are '-eferred to. 

’ f See p. 442 , 
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(or tho Sensorial and what some regard as the Volitional) 
which aro immediately brought into relation by means of 
the Coi’pus Callosum. But even if this supposed arrange- 
ment be the one that actually exists, it would by no means 
indicate that the organic seats of the more complex deriva- 
tive processes are not also mediately brought into relation 
with one another. I’h e more specialized Emotional, Intel- 
lectual, and Volitional Eegions in each hemisphere, wher- 
ever they may bo, and however they may be related to 
one another, are necessarily, by means of the ‘ association 
system ’ of fibres, brought into intimate communion with 
their corresponding Sensorial Regions of various kinds. It 
is in this indirect way, therefore, that the higher functional 
regions of the two Hemispheres may be brought into rela- 
tion with one another, through the medium of the fibres of 
tho Corpus Callosum. There is manifestly a unity in our 
Kmotional, Intellectual, and Volitional — as well as in our 
Sensorial Consciousness — that is, in the ‘ derivative ' as 
well as in tho ^ primary ’ mental processes.. 

There can Ixi little doubt that Sensorial Activity and 
the action of those portions of the Brain which are directly 
concerned therewith, affprds the primary or essential basis 
of Consciousness. We are most fully conscious when 
we are most receptive of external impressions, and we 
kapsc*^into a completely or partially unconscious condition 
when tho advent of such impressions is for a time 
prevented, or when w^o aro intensely absorbed in some 
train of thoughJ|^(Ideal or Reflective Consciousness) — that 
when the activity of other portions of the Cerebral 
Hemispheres in soi» way dwarfs or eclipses that of the 
sensorial regions proper. An admirable illustration of the 
former truth has been lately given by Dr. Striimpell,* 

* “ i^^ger’s Archiv,” vol. xv. p. h73, and translated in “Nature/* 
tJecember 13, 187' 
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'Nirhich is so instructive as to be worth quoting in 
fuU. 

“ In the autumn of last year there was received into the medical 
clinic of Leipzig a youth aged 16 , in whom various phenomena of 
ancBsthesia gradually developed themselves to an extent which has 
very rarely been observed. The skin of the whole surface of the 
body was completely insensible, and that fii respect to every kind 
of sensation. The most powerful electric current, or a burning taper 
held to the skin, was not able to produce any pain, or even a sen- 
sation of touch. Almost all the accessible parts of the mucous 
membrane of the body exhibited the same insensibility to pain. 
Also, all those sensations which are classed together under the 
name of ‘muscular sense’ were entirely absent. The patient, 
when his eyes were closed, could be carried about round the room, 
his limbs could be placed in the most inconvenient positions, with- 
out his being in any way conscious of it. Even the feeling of 
muscular exhaustion was lost. In addition, there came on also a 
complete loss of taste and smell, amaurosis of the left eye, and deaf- 
ness of the right ear. 

In short, here was an individual whose only connection with 
the outer world was limited to two doors of sense — to his one 
(right) eye and his one (left) ear. Moreover, both these remaining 
doors could at any time be easily closed, and in this way it was 
possible to investigate the consequences of completely isolating the 
brain from all external .stimulation through the senses. I have 
frequently made the following experiment, and often showed it to 
others : — If the patient’s seeing eye was bandaged and his hearing 
ear was stopped, after a few (usually from two to three) minutes 
the expression of surprise and the uneasy movements which at first 
showed themselves ceased, the respiration became quiet and regu- 
lar ; in fact, the patient was sound asleep. Here, therefore, the 
possibility of artificially inducing sleep, at any time, in a person 
simply by withholding from the bfain all stin^lati^ by means of 
the senses was realized. c 

The awakening of the patient was as interesting as the se diug 
him to sleep. He could be a wakened by an auditory stimuli' tion, 
as, for example, by calling into his hearing ear, or by visual suinu- 
latiou, by all' )wing the stimulus of light to fall upon his seeing 
ey#; but he could not he wakened by any pushing or shej^g* * 
he wa^*. left to himself he did eventually wak^up of his own accord 
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in course of the day, after the sleep had lasted many hours ; the 
awakening being due, it might be, to intrinsic stimuli started in 
the brain, or it might be to slight external unavoidable stimuli act- 
ing through his still functional sense organs, and making them- 
selves felt in consequence of the sensitiveness of the brain being 
increased during the repose of sleep." 

Nothing could show more distinctly than such a case as 
this the importance of the aCitivity of the Sensorial Eegions 
of the Hemispheres for the production of what we know 
as Consciousness. It seems clear, indeed, that if Con- 
sciousness is not in some way an immediate appanage of 
the activity of these very regions of the Hemispheres, 
their activity is, at all events, an essential forerunner 
of that of some other regions between whose activity 
and Consciousness there is such an immediate associa- 
tion. 

On the other hand, it is equally clear that the stimulat- 
ing sensorial impressions are double, coming to each 
Hemisphere of the Brain from opposite halves of the body, 
and that their subjective accompaniments are merged, 
into a single Consciousness of this or that kind. The final 
proof of this position ,is afforded by the effects of injury 
to certain portions of the Brain on one side only in some of 
the lower animals, and by the effects of unilateral disease 
of corresponding regions of Ihe Brain in Man. Thus, where 
we liave to do with injury or with disease of the posterior 
third of what is known as the ‘ internal capsule * — that is, 
of that portion ^f the expjfnsion of the Cerebral Peduncle 
which liesl^etween l^e posterior part of the Corpus Stria- 
tum and the Thaljmus — ^there is found to be complete 
loss of sensibility on the opposite half of the body (Hemi- 
anaesthesia). No touch can be felt, and all the other 
avenues of sense on this side are similarly closed — the 
l-ougae and side^of the mouth are dead to flavours, the 
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ear is dead to sounds, the eye is blind, and the correspond- 
ing nostril is similarly insensitive to all odours.* 

But in Hemi-annesthesia, although the avenues of sense 
are closed on one side, the general Consciousness of the 
individual appears to remain unaffected, and his Mental 
Activity may be but little impaired. This comparatively 
unaltered mental condition, notwithstanding the absence 
of direct sensorial stimulation, of one Hemisphere, is prob- 
ably possible only through the intervening activity of the 
Corpus Callosum — since by means of its fibres the stimulus 
to the one side of the Brain may be propagated to the other. 
Both Hemispheres may*^ thus be brought into relation with 
the various sensorial stimuli emanating from one side of the 
body ; and in this way it is possible for the general Coii- 

• Tho explanation of the loss of the sense of Smell in the cor- 
responding nostril presents some difficulties. It seems, at first 
sight, to be altogether at variance with anatomical facts, since the 
relations of the organs of smell with the hemispheres are, as already 
pointed out (p. 4()<S), exceptional. They are certainly direct rather 
than crossed, and it would also tend to contradict existing ana- 
tomical knowledge if fibres from the Olfactory (Lin glia on the 
road to their * perceptive centres ’ were to he found anywhere in tho 
neighbourhood of the postenor part of the corona radiata. But a 
very plausible explanation of the loss of the sense of Smell in these 
cases of JTcmi-amesthesia is to be found, as Dr. Ferrier points out 
(“ Functions of the Brain,’* p. 191), ^in the well-known experiments 
of Magendic, as to the functions of the fifth nerve. He ascertained 
that Smell was lost when the sensibility of tho nostril was abo- 
lished — e.f/., after the fifth nerve had been cut; not because the tilth 
is the nerve of Smell properly so called, hut because “ the integrity 
of the fifth is necessary to the due functional adlltvitj^of the olfac- 
tory nerves.** If the unilateral loss of in these cases oj 

Hemi-anaesthesia bo really due only to thaloss of common sensi- 
bility in the corresponding no.^tril, then the same loss of Smell 
ought to occur in Man with those lesions of the ‘ pons Yarolii in 
which the comr on sensibility of one side of the body is annulled : 
and the writer* ; experience leads him to believe that this 
occur in mch cases. 
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sciousness of the individual to remain unaltered, even in 
the absence of sensorial stimuli from one half of the body. 

It is most important to recollect that the results above 
described follow lesions of the posterior third of the 
Cerebral Peduncle, just before its fibres come into rela- 
tion with the Thalamus. The effects are very different 
when lesions exist above or outside the* great ‘ basal gan- 
glia * (see p. 493), even though those lesions may involve 
extensive destruction of one Hemisphere. 

It is only in the sphere of the three higher senses, 



Fio. 171, -Ti:iusverso sncticii through tho Cerebrum of a Dog opposite the middle 
nf the Thuliiiui, showing tho portion of tho ‘internal capHtilo,’ tho Kcction of which 
liroduccs IIcini-anHiiithesia. (Charcot after Duret.) 0, 0, Thalami c(>nnected by 
Middle or Soft Commissuro ; P, P, posterior third of Cerebral redunelc (‘ internal 
eapsuly ’). On the right side these fibres arc rcprobcntod as cut across at x ; S, intra- 
Ventvieflar, and Z,, oxtra-vcntriculav C<f'i)us Striatum. 

liowever, that a blending of the subjective accompaniments 
of impressions from the two sides of the body occurs, so 
to produce Jungle PcrcJfeptions. An object which is 
smelt is pe^.eived as^ne : a body which is seen is recog- 
^^ized as single ; autW similarly a sound, though stimulat- 
ing both auditory organs, is heard as one sound. And 
although we can localize gustatory impressions to one or 
other mde of tho mouth, when our attention is directed to 
the sut^'ect, we ar^not accustomed to do so, and there would 
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be little use in making such discriminations. The case is 
altogether different, however, in regard to the sense of 
Touch, or common sensibility. By means of Smell, Sight, 
and Hearing we are brought into relation with distant 
phenomena, but in the exercise of Taste and Touch there 
is actual contact with different portions of the extended 
surface of our bodies, and therefore, iA the latter case more 
especially, there ought to be, as there is, a thoroughly 
independent power of appreciating the impressions im- 
pinging upon each side of the body, and, indeed, of pretty 
accurately localizing them. 

This unity of result accompanying the action of a great 
part of the Sensorial Regions of the two Hemispheres, as 
well as in those which are subservient to Emotional and 
Intellectual Activity, is very remarkable, and difficult to 
understand, especially if we bear in mind the fact that 
there is not even a perfect symmetry in the naked eye con- 
formation of many of the homologous Convolutions of the 
two sides (to say nothing of their microscopical structure) ; 
that their vascular supply is independent, and therefore 
subject to variations which may affect one side only ; and 
that an inequality of working power on the two sides might 
also easily be brought about by some inherent or acquired 
differences in the molecular (or functional) activity of 
the corresponding nerve elemdiits on the two sides of the 
Brain. 

Notwithstanding our difficulty in comprehending how a 
double mechanism of this kind can woi^ as it does, so 
as to lead to a single Consciousness, or so as to enable it 
to carry on the processes of a single Willii^g 

personality, the facts of our own Consciousness may assure 
each one of us that it is so. 

Yet, though it may be the rule for th^two Hemi^t 
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to be called into simultaneous and harmonious activity in 
Perception, Emotion, Thought, and Volition, evidence is 
not altogether wanting to show that they are capable of 
working more or less independently — either (a) where 
both hemispheres exist, and there is a supposed lack of 
harmony, with resulting ‘ double Consciousness * ; or (b) 
in the more positive* and definite cases in which there has 
been no impairment of Sense or Intellect noted, although 
the greater portion of one Cerebral Hemisphere may have 
been destroyed. On each of these subjects a few words 
may be said. 

(a.) The evidence in favour of the possibility of a 
separate and dissimilar, though simultaneous, activity 
of the two Hemispheres of the Brain is of a very doubt- 
ful nature, though there are facts familiar enough to 
physicians which have been thought to support this 
notion. 

The question was, for instance, raised by Sir Henry Holland* in 
1810, — “ Whether some of the aberrations of mind, which come 
under the name of insanity, are not due to incongruous action of 
this double structure [the two hemispheres], to which perfect unity 
of action belongs in the healthy state ? ” Ho adds : — “ The sub- 
ject is very obscure, and all proof of difficult attainment ; but I 
think it more probable than otherwise that such inequality may be 
a cajiise of some among the ro|iny forms of mental derangement. 

• • . . It has been a familiar remark that in certain states of 
mental derangement, as well as in some cases of hysteria which 
border closely upon it, there appear, as it were, two minds ; one 
tending to correct by more jusj^ perceptions, feelings, and volitions, 
the aberrati^is c# the other ; and the relative power of the two 
influences varying at jLifferent times. . . . It is remarkable 
how distinct an exprfjfsion to this effect may occasionally be had 
from patients themselves. I have recently seen a case of which 
the most marked feature was a frequent and sudden outbreak of 
passion upon subjects, partly real, partly delusive, but generally 

Medical and Reflections,” 2nd Ed., 1840, p. 172. 
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without obvious or sufficient reason at the moment ; these excesses 
attended with loud screaming, execrations, and acts of violence in 
striking or breaking things within reach. Here the patient himself 
described to me the kind of separate consciousness he had when 
these violent moods were upon him; his desire, but feelings of 
inability to resist them ; his satisfaction when he felt them to be 
passing away. It was a painfully exaggerated picture of the 
struggle between good and ill.” • 

Nothing much more definite could then be said upon 
this subject, nor has there since been any appreciable 
advance of our knowledge in regard to it.* It is, of 
course, possible that two seemingly simultaneous states of 
Mind may be never strictly coincident in time, so that in 
the cases to which reference has just been made, there 
may have been merely a rapidly alternating action of the 
organ as a whole, rather than a simultaneous independent 
action of the two hemispheres of the Brain. Some of the 
phenomena of dreams present precisely the same difficub 
ties — indeed the evidence in favour of a double Conscious- 
ness is here even more striking, since most of us may be 
able to add our own personal experience to the testimony 
of others. We refer more especially to those cases in 
w’hich the dreamer appears tp be carrying on a long con- 
versation with some other person ; where two distinct trains 
of thought are being evolved ; aijd where, occasionally, there 
may bo evidence to show that the whole dream has been so 
rapidly produced as to make it more easy to explain the 
phenomena by the supposition of a simultaneous and inde- 
pendent action of the two Heftispheres ^lan Jby an alter- 
nating different action of the Brain ag a wholo.t 

* Dr. Wigan’s work on “ The Duality oPthe Mind,” 1844, is a 
diffuse and by no means well-arranged contribution dealing with 
the same subj< ct. 

t The cons -iousness of the dreamer may be distinguish^under 
the narre of Ideational Consciousness, from th^ordinary conscious- 



Chap. XXIV.] PRINCIPAL PARTS OP THE BRAIN. 493 


(6.) If we look, on the other hand, to the question as 
to what amount of Intellectual Power is possible where 
one Hemisphere of the Cerebrum has been very much 
damaged or atrophied ; there can be little doubt that, as 
a rule, the psychical j)owers would be found very much 
blunted or paralyzed. This, however, is far from being 
universally the case, for there are install ces on record in 
which, with atrophy or extensive disease of one Hemisphere, 
the Intellectucal Faculties aiipearcd to be in their normal 
condition. 

Preservation of any considerable Mental Power when 
there is great damage to one Hemisphere is, however, very 
rarely met with when the damage occurs late in life. It 
is much more likely to be encountered when the disease or 
damage has set in or happened in early childhood : at a 
time, that is, when the growth and textural development 
of the Brain is capable of undergoing considerable modi- 
fications that may fit it for the more or less isolated 
activity of the one Hemisphere — which, in the cases sup- 
posed, may bo almost all that is possible. Such an eaidy 
onset of the disease is, indeed, found by the writer to have 
I existed in many of the best authenticated cases belonging 
j to this category.* 

Perhaps the most remarkable of all the cases of this sort on 
record is one which was observed and reported by Andral. A man, 
died in his twenty-eighth year, liad a fall when three years 
after which he continued paralyzed on the left side. The right 
beniispliere of the brain was found to be so completely atrophied 

^ess of the walKng tate. In each case the sensorial regions of 
the hemispheres would se(^ to be the initial or central tracts whose 
activity is roused — in th/ one case, by real, and, in the other, by 
revived, sensorial impressions. 

* “ Atrophy of the Left Hemisphere.” New Sydenham Soc., 
xi. p. 153 Several cases are here referred to by S. Van der 
in(Ading the one recorded by Andral. 
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that a great part of the ‘ pia mater ’ on this right side formed a cyst, 
in which not a trace of cerebral matter remained. This membrane 
constituted the upper wall of a large cavity, the floor of which 
alone was formed by the Thalamus, the Corpus Striatum and ill 
the parts on a level with these two bodies. No nervous matter 
existed, therefore, above the level of the great ganglia on the right 
side — and yet Andral says ; — “ Get individu avait re9u de I’cdu- 
cation et en avait profits ; il avait une bonne memoire ; sa parole 
6tB.it libra et facile; son intelligence dtait celle du commun des 
hommes.” 

Cases of a similar character have been recorded by 
Cruveilhier and others, and it is a remarkable fact that 
there has been not only a preservation of such an amount 
of Intellectual Power, as to have given the appearance, at 
all events, of no loss in this direction, but that the special 
modes of Sensibility (such as Sight and Hearing) have 
not been abolished on either side — there has been no uni- 
lateral Blindness or Deafness even although the greater 
part of the opposite Hemisphere may have been destroyed. 
This preservation of the special senses, in such cases, the 
writer has elsewhere endeavoured to explain by an exten- 
sion of Broadbent’s hypothesis concerning the single or 
double activity of ‘ motor ’ centres, to the problem as to 
the conditions regulating the single or combined activity 
of the ‘ sensory ’ centres,* 

c 

These previously recorded cases of disease of the greater part of 
one Hemisphere and preservation of the special Senses on both sides, 
stand out in notable contrast with the more recently published cases 
of lesion of the posterior third of^the * internal capsule ' in which 
Hemi-ancetheda has been produced (see p. 480^' In«the latter class 
of cases there is a limited lesion in the ‘ sApsory * region of the Cere- 
bral Peduncle just before it comes into relation with the Thalamus, 
whilst in ^he cases in which there is little or no impairment ot 
Sense on eitlier side the lesion has mostly involved the frontal an 
parietal regions of the Hemisphere above the level of the Thalamus 

• “ Paralysis from Brain Disease,” J1875, p. lOG.^ 
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and Corpus Striatum, and perhaps, therefore, without much impli- 
cating the convolutions of the Temporal Lobe, which, as will be 
shown in the next chapter, appear to contain centres or regions of 
special importance for sensory perception. These latter cases are 
of great interest, but more accurate information would be required 
before we could safely come to any definite opinion in regard to 
them. The old observations were not made or, at all events, were 
not recorded in that rigorously precise manner which the impor- 
tance of the subject, from our present point of view, clearly 
demands. 

But whilst our ‘Will’ is, like our Intellect, single 
(although it is the product or accompaniment of the ac- 
tivity of a double organ), we are here, on the occasion of 
its exercise, brought to the turning point where ‘mental’ 
gradually give place to ‘non-mentar phenomena. 

The outcome of many Volitions is to be found in mus- 
cular contractions and relaxations, and the mere passage 
of ‘ outgoing currents ’ has no conscious accompaniment of 
any kind.^ After the Wish or Desire with ‘ a sense of elfort ’ 
(which together seem to make up what we individually 
know of a Volition — so far, that is, as it reveals itself to us 
as a phase of Consciousness), we have to do with mole- 
cular currents passing, it may be, through several sets of 
fibres and cells, but having no conscious side whatever, 

; and apparently lying just as much outside the sphere of 
Mind^ as the molecular chlinges in the muscle which 
* these ‘ outgoing currents ’ evoke. 

It was for these reasons that, in an earlier chapter, the 
ivriter was led to limit th% sphere of Mind, and to re- 
gard that p^rti(i(fi only of the Nervous System as its 
which has to Ido with the reception, the trans- 
aiission, and with the vastly multiplied co-ordinations of 

* On this subject see what Sir Wm. Hamilton says in his 
hectares,” vol. ii. pp. 391, 392, also in his “Dissertations 
lleid,^pp. 866, 867^ 
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* ingoing currents ’ in all kinds of nerve centres. On the 
other hand, we were led to regard the phenomena of the 
‘ outgoing current ’ as non-mental, and the regions of the 
nervous system concerned therewith as not strictly con- 
stituting parts of the ‘ Organ of Mind.’ 

Certain it is that directly we pass from the purely 
mental side, or from the starting-points of a Volition, we 
find two main pathways by which its associated stimuli (in 
the form of molecular movements), may pass away from 
the cortex of the Cerebral Hemispheres to Muscles on 
each side of the body. 

The muscles of the right or left limbs, or such groups 
of them in other parts as are usually called into action 
independently of their fellows on the opposite side of the 
body, receive their ‘ volitional ’ stimuli, as wo have stated, 
only through the Cerebral Hemisphere of the opposite 
side. But bilaterally situated muscles that habitually 
act together, may bo stimulated indifferently from oithei 
Hemisphere (Broadbent), owing to the existence of inti- 
mate commissural connections, binding together the du- 
plicate Spinal Centres in relation with such muscles so 
closely as to make each pair in c^ect one Centro. 

A highly important exception to this latter rule seems 
to exist, however, in the case of the bilaterally acting 
muscles concerned in the Articulation of Words — that is, 
in ordinary Speech. Usually the stimulus that passes 
over from the Cortex to incite these muscular acts issues 
from one Cerebral Hemispl»re only, ^nd in the great 
majority of cases the Left Hemisphere is ttie source of 
such Speech-incitations. The pro(\^ of these statements, 
and further particulars in regard to the paths of outgoing 
stimuli ge^ierally, will be given in subsequent chapters. 
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3. The Functional Relations of the Cerebellum with 
the Cerebral Hemispheres and the Spinal Cord. 

We pass now to another subject of surpassing interest 
but of great obscurity. What are the functions of the 
Cerebellum ? This is a question which seems most simple, 
though it is one that has perplexed physiologists for 
over two centuries, and may still be considered to hold its 
place as a thoroughly unsettled problem. The most 
varied views have been entertained by different physiolo- 
gists on the subject. 

Willis and others have regarded the Cerebellum as the principal 
regulative centre for involuntary movements as well as for the 
functions of vegetative life; Foville and others have regarded it as 
a*gonsoi’ium commune,* or principal centre for ingoing conscious 
impressions; Gall and some of his followers looked upon it as an 
organ chieliy concerned with the ‘ instinct of propagation * or the 
‘ sexnal appetite * ; Flourens, Longet and others have taught that 
the Cerebellum is the seat of a faculty for co-ordinating voluntary 
and other muscular movements; Lussana, endeavouring to exphiiu 
the mode in which it co-ordinates voluntary movements, makes it 
the seat of the ‘ muscular sense’; lleil, R(dando, and some modern 
writers, such as Luys, Weir-!MitcheU and others, have regarded tho 
Cerebellum as an organ foi^en gendering and distributing thenerve- 
force needed for the instigation of all kinds of movements, and 
even for stimulating other non-motor nerve centres. This by no 
means exhausts the list of views*which have, atone time or another, 
been held concerniug tho functions of the Cerebellum. Other no- 
tions in regard to this organ will, indeed, bo referred to in subse- 
quent pages. 

How are Wo choose from amongst these bcwilderingly 
different theories? ^"ulpian,^ after carefully reviewing 
the whole subject in^l866, felt unable to accept any one 
them. He contented himself in tho main by drawing 
certain negative conclusions ‘‘ The Cerebellum/* ho 

“ La ^xL Syst Nervenx,” pp. 601-641. 

K K 
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said, ** takes no part in cerebral functions proper. It 
appears to have nothing at all to do with the manifesta- 
tions of Instirxt, of Intelligence, or of Will.” Whether 
absolutely correct or not, this is a notion commonly enter- 
tained. On the other hand, that certain ataxic disorders 
of movement are caused by lesions of the Cerebellum, 
Vulpian felt compelled to admit ; though he rejected the 
commonly entertained hypothesis of Flourens, that it is 
‘‘a centre by which the co-ordination of voluntary and 
other movements is effected.” 

The great uncertainty that has always prevailed in 
regard to the functions of the Cerebellum is due to 
various causes. It is attributable partly to the com- 
plicacy of the connections of this organ with other regions 
of the central Nervous System, as well as to the obscurity 
which reigns as to the several sources of its ‘ingoing,* and 
the destination of its ‘outgoing,’ fibres — for to suppose 
with Luys that the peduncles of the Cerebellum are com- 
posed of ‘ outgoing * fibres only seems to the writer as 
opposed to fact as it would bo to the plan of Nerve 
Centres generally. But the uncertainty as to the real 
functions of this organ, is due «lso to the variety and 
obscurity of the symptoms resulting from its injury in 
any of the lower animals, and from a like variability of 
relation between symptoms and lesions, revealed to those 
who study the effects of diseases of the Cerebellum in Man- 

These latter variations are attrd^ntable partly to the iiitini«'ite 
connection of the Cerebellum with other iiupoi%^nt |j>ortions ot the 
Brain. This makes it difficult to experimint with the organ in the 
lower animals without great risk of irritaftng or injuring, now one, 
now another of these adjacent parts ; and equally difficult, on the 

other, to get uncomplicated disease of the Cerebellum— disease that 
is limited to this organ and unassociated with symptoms resulting 
from pressure on, or irritation of, other important parts, su^i us t le 
^tduila or ‘pons Varolii.* 



CiiAP. XXIV.] PRINCIPAL PARTS OF THE BRAIN. 499 


But the effects of the foregoing sources of uncertainty are pro- 
bably increased by what we shall find to be the well-grounded con- 
sideration, that the Cerebellum, whatever may be the precise 
nature of its functions, does not commonly act alone, but to a very 
considerable extent in conjunction With the Cerebrum in the per- 
formance of certain functions common to both. Thus it seems 
not at all unlikely that in cases of injury or disease of the Cere- 
bellum there may be some compensatory increased action of the 
Cerebrum — especially where the disease has lasted long or has 
commenced at an early age, as* in the case of atrophy of this 
organ in the girl examined by Combette, and whose case is re- 
corded by Cruveilhier. Lastly, another cause of difficulty, tending 
to complicate the interpretation of the results of disease of the 
Cerebellum, may arise from the possibility that, in the case of uni- 
lateral lesions, the sound half of the organ may be capable of 
taking on and discharging after a fashion — perhaps with a mere 
difference in degree — the functions of the disabled part (see p. 50V), 
note). 

lu the faco of all these difficulties of interpretation it 
may be woll to turn back and look at the problem as to 
the functions of tlio Cerebellum by the light of general 
principles, aided by any additional illumination which we 
may be capable of obtaining from our modern knowledge 
(so far as it goes), as to the precise anatomical connec- 
tions of the organ with* dilfcrent parts of the Cerebrum 
and with different tracts of the Spinal Cord. 

r * * 

The Cerebro- Spinal System of Yertobrates contains a series of 
‘sensory * and ‘motor’ centres throughout the whole length of the 
Spinal Cord and Medulla, each of which, whilst capable of per- 
forming independent functions, ^ also in subordinate relation with 
other higher Nfcrve^eiitres. 

Something similar obt^ns among Worms and Arthropods. 

But the Brain in all vj^tebrates differs from that of Invertt^brates, 
la the fact that it possesses two double morphologically distinct 
P^rts, unrepresented among the latter, or, at least, unrepresented 
oy similarly separable parts. Th ‘se are the Cerebral Lobes and 
I Cen^ellum. Making their ai)pearance as comparatively small 
j segments in Fishes, Jiheir relative size and development increases 

K K ti 
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among higher Yortehratea, so as at last to throw all other divisions 
of the Brain into the shade. 

There are, therefore, in Vertebrates some fundamental specializa- 
tions of function, which are, in all probability, carried much iarther 
than in any of the lower animals, the existence of which seems to 
become marked by the development of parts so distinct morpho- 
logically as the Cerebral Lobes and the Cerebellum. 

But it is to be regarded as one of the best established of physio- 
logical facts that the Cerebral Hemispheres or Lobes are the 
principal organs of Conscious Intelligence — including under this 
term Sensation and Perception, Ideation and Reasoning, together 
with the primary phenomena of Emotion and Volition. The two 
Hemispheres together, therefore, constitute the supreme organ, the 
last term of the series of centres, in which ‘ingoing’ impressions! 
are brought into relation with one another. 

But two things are now almost equally certain in regard to the 
Cerebellum ; first, that it has no appreciable share, as an indepen- 
dent organ, in the carrying on of any of these processes which, in 
their totality, are comprised under the head of Conscious Intelli- 
gence; and, secondly, that its activity is unmistakeably mixed up 
in some way with the animal’s power of executing Movements.* 
In what precise manner it is related to the execution of Move- 
ments, and to what Movements it is so related, are the problouis 
j)rincipally requiring to be solved, and to these subjects we must 
now turn our attention. 

If we look then to the fact that throughout the Nervous Systems 
of lower animals ‘sensory* and ‘motor’ nerve centres exist in corre- 
lated pairs; if we look to the simultaneous appearance of the 
Cerebral Lobes and the Cerebellutr. in the animal series; if we con- 
sider that the Cerebral Lobes or Hemispheres have been proveil 
to be the supreme centres for * ingoing * impressions ; and if the 
Cerebellum has been almost equally well proved to be a great 
‘motor* centre of some kind, it se^pns a fairly legitimate inference 
from the foregoing facts that the Cerebellum iJ^he tupreme motor 
centre co-ordinate with the Cerebrum, a|d that they form the 

* See Owen, “ Anat. of Vertebrates,” vol. i. pp. 487, 488. The 
hypothesis of Gall, that the Cerebellum is the seat of the ‘ sexual 
instinct,* has little or nothing to be said in its favour which may 
not be otherwise much better explained (see Ferriei^s Hinctions 
of the Brain,” p. 122), 
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final * sensory * and ‘ motor * couple, organized or attuned to some 
extent, like inferior couples, for conjoint activity. 

It may, however, be at once acknowledged that the relation 
between these supreme ingoing and outgoing centres in Man and 
higher animals, must necessarily be very different and much more 
complex than that existing between lower couples in the same 
animals, or than that existing between the higher couples of 
such animals as a Centipede, a Gasteropod,(fig. 27) or any other 
Invertebrate. 

The relations between ingoing impressions and responsive actions 
through the intervening activity of lower centres in Man, or the 
higher centres of a lower animal, are comparatively simple and 
direct; but in higher animals, just as the organ of Conscious In- 
telligence increases in internal complexity and bulk, so do the 
chances increase of the intervention of complicated nervous pro- 
cesses between the reception of certain Sensorial Impressions and 
any actions which may ultimately result therefrom. The acts 
that follow in such a case, as a result of ‘deliberation,’ may be 
of a new and unaccustomed order — consciously conceived and 
instigated. 

As Sensorial Consciousness, and the Intelligence that 
grows out of its exercise, increases in intensity and com- 
plexity, this side of life becomes all engrossing and the 
Consciousness of the animal (or its Attention) is proportion- 
ately diverted from its Visceral Sensations and Movements, 
as well as from the greater part of the multitudinous ‘ auto- 
matic ’ and ‘ secondary-automatic ^ Movements concerned 
with its external life, or ‘Life of Relation/ The ‘area* 
of Consciousness is limited in one direction and widened in 
another, and new acquirements would never be made, 
either in the sphere of Sei\pe, of Intelligence or of Volun- 
tary Moven^nt, Unless habitual and ever recurring Impres- 
sions might of themselves (without engaging our Con- 
sciousness) evoke remted Movements — that is, unless these 
latter could be executed and regulated under the super- 
intendence of some great centre in response to mere ‘ unfelt ’ 
Inipr^sions. Thus it becomes obvious that it would bo 
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highly advantageous, if not absolutely necessary, for 
animals in whom Conscious Intelligence obtains a high 
development, that tbeir principal motor centre, the Cere- 
bellum (and, for the present, we assume it to be some 
such organ), should be in relation with the various ‘in- 
going’ nerves of the body and with their corresponding 
nerve centres, fronTi the lowest to the highest — or, at all 
events, from some of the lower to the highest. 

By its connection with the highest ‘ sensory ’ centres, 
namely, those of the cortical grey matter of the Cerebrum, 
the Cerebellum would bo enabled (a) to take part in Yolun- 
tary and all other Movements which follow (immediately or 
remotely) the instigation of Conscious Impressions ; and 
by its connection with lower centres of different grades, 
it would be enabled (b) at the instigation of ‘ unfelt ’ 
Impressions, to take a much larger share in the production 
and maintenance of complex ‘ automatic ’ and ‘ secondary- 
automatic ^ Movements generally — ;just such a share, in 
fact, as the lower spinal motor centres take in the execu- 
tion of spinal ‘ reflex ’ Movements.* 

The mechanism of Voluntary Movements wull be subse- 
quently referred to. It is only needful hero to point out 
that ‘ Volition ’ proper is inseparable from Sensorial 
Activity, Intelligence, and Keason, so that the starting 
points of Volitional ‘ stimuli ’ ‘must be somewhere in the 

* In an animal like the Frog, in which the Cerebellum is very 
small and ill-developed, even movements of locomotion are capable 
of being executed under the guidanc^f the Spin^ Cord alone. It is 
very surprising to find that a Frog, whose Cerebrum afld Cerebellu^o 
have been destroyed, can still stand, and evin leap. It is 8ur]>ris- 
ing, that is, if we look at it from the pointV)f view of what would 
happen to one of the higher animals under similar circumstances, 
but much less so if we consider the degree and kind of locomotor 
powers that would be possessed by many Insects similarly mt. di- 
lated. 
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organ of Conscious Intelligence, viz., tho' Cerebrum. It 
is the ‘ Actuation,* or carrying into effect of a Volition 
destined to issue in Movement, which devolves upon 
Motor Centres, and there is reason to believe that the 
Cerebellum co-operates with the Corpora Striata in the 
realization of this secondary part or phasis of an ordinary 
Volitional Act and its consequence. 

Two principal questions 'present themselves, therefore, 
as a result of what has been hitherto said concerning the 
probable functions of the Cerebellum. (1) What evidence is 
there to show that the Cerebellum is largely concerned in 
the production of ^ automatic * and * secondary-automatic * 
Movements in response to ^ unfelt’ Impressions ? (2) What 
evidence is there to show that the Cerebellum is con- 
cerned in the execution of Voluntary Movements ? 

The answers to these questions, so far as they can be 
given — and that by way of suggestion rather than as 
positive aflirmations — may be best set forth in connec- 
tion with some statements as to what is known of the 
composition of the several Peduncles of the Cerebellum. 

There is reason to believe that it is principally through 
the intervention of thd Upper and Louver Peduncles that 
the Cerebellum receives impressions of an unconscious 
order, wliich enable it to take part in the production 
oj* certain responsive ‘ automatic ’ and ‘ secondary-auto- 
matic* Movements. 

The reasons iiLfavonr of this view are, first, that the Upper and 
Lower Pedifhclef contain many different kinds of ‘ingoing* fibres, 
although it has been Jbundantly proved that the Cerebellum is in 

sense an organ or Conscious Intelligence ; secondly, it is sup- 
poited by the fact that in Fishes and Reptiles these Peduncles 
alone exist — the Middle Peduncles, and with them the ‘pons 
Varolii,* being notoriously absent. For it is reasonable to suppose 
that^he mere ‘automatic* or ‘ sensori-motor * functions of the 
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Cerebellum would be established earlier than those in relation with 
Voluntary Actions, in animals in whom the former class of Move- 
ments are much more frequent and numerous than the latter. 

To suppose that the ingoing (or ‘ sensory *) fibres of the Cere- 
bellum merely convey to this organ incitations, which cause certain 
ganglionic elements in its cortical Grey Matter to ‘discharge’ 
themselves along definitely correlated outgoing fibres (so as to 
arouse various lower Motor Centres in particular modes of com- 
bination), enables us to account for the sensory relations of the 
Upper and Lower Cerebellar Peduncles without looking upon the 
Cerebellum itself as a kind of ‘ sensorium comynmie * — as it was 
erroneously regarded by Poville and others.* If it is to minister 
to the execution of ‘ automatic ’ Movements, instigated by all 
kinds of ‘ingoing’ Impressions, it is obvious that it must be 
brought into relation with these (perhaps mainly through ‘ inter- 
nuncial ’ fibres), though it is not at all necessary that the incidence 
of such Impressions upon the Cerebellum should be attended by 
any phases of Consciousness. 

Lower motor centres in the Spinal Cord are in immediate rela- 
tion, through * internuncial ’ fibres, with corresponding sensory 
centres. The Cerebellum would seem also to be in relation with 
multitudes of fibres of this type reaching it from more or less 
distant ‘sensory* centres of diflferent kinds. There is no more 
reason, however, in consequence of such a relation, for attributing 
‘sensory* functions to the Cerebellum, than there would be foi 
attributing similar functions to the grey matter in the anterior 
horns of the Spinal Cord. Such relations with ‘ sensory ’ nuclei 
or centres are indispensable for a Motor Centre, whether its position 
be high or low : only the higher it is the more numerous are these 
connections likely to be. 

Although some of the facts concerning the connections of the 
Cerebellum with ‘ ingoing ’ nerves have been better substantiated 
in the Brains of lower Vertebrates than in that of Man, they are 

* Or without having recourse to any such h^^pothesis as that 
of Herbert Spencer (“ Principles of Psychilogy,** vol. i. p. 61 ), to 
the effect that “ the Cerebellum is an orgaS of doubly-compound 
co-ordination in space” concerned with the co-ordination of c> 
existent Impressions and Acts, just as the “ Cerebrum is « 
organ of douoly-compound co-ordination in time” and thcrefo J 
concerned with sequential Impressions and Acts, 
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scarcely less valuable or suggestive on this account, since the 
functions of the Cerebellum, like its ultimate structure, are pro- 
bably uniform in kind throughout all classes of the Vertebra ta. 

By means of the Upper Peduncles there is good reason to believe 
that the Optic Lobes of Fishes are brought into immediate relation 
with their rudimentary Cerebellum. The fibres constituting these 
peduncles pass from the septum between the Optic Lobes to the 
median portion of the Gerebelluin. In Mat^ the same peduncles, 
starting from the ‘ red nucleus * in the sensory tract of the Crus, 
decussate beneath the Corpora Quadrigemina, and thence j)roceed 
ill a slightly divergent direction to the anterior portion of the 
Cerebellum. It is highly probable, therefore, that in Man also 
these Upper I’eduncles in part serve to bring the Optic Centres 
into relation with the Cerebellum. 

Again, according to Meynert,* a portion of the great root of 
tlie Fifth Nerve or ‘Trigeminus,* lies on the upper and outer 
border of this Upper Peduncle, and a portion of the root of the 
Auditory Nerve is similarly disj^osed. In some Fishes the ganglion 
at the root of the Fifth Nerve is, according to Owen, directly 
connected, by means of some vertical fibres, with the Cerebellum. 

Thus, though almost nothing is known as to any relations of the 
Olfactory Lobe with the Cerebellum, it seems certain that the next 
three sensory cranial nerves (viz., the Optic, the Fifth and the 
Auditory) come into relation with the Cerebellum through its 
Upper Peduncles. 

But it seems possible that the various cortical ‘ Perceptive Cen- 
tres* in the Cerebral Hemispheres, may also be brought into rela- 
tion with the Cerebellum, by internuiicial fibres passing through 
the ‘red nucleus* of the Tegmentum and the Upper Cerebellar 
Beduncles. In such a case, thtse fibres might convey ‘afierent’ 
stimuli in relation with Ideo-Motor and Voluntary Movements, 
wliilst those coming to it from Sensory Nerves or their Ganglia 
may convey ‘ afferent ’ stimuli capable of evoking movements which 
have become ‘ automatic * or which are of the ‘ secondary-automatic * 
order. Other^fibrS, however, next to bo referred to, seem also to 
belong to this latter catAory. Whether the Upper Peduncles con- 
tain afferent fibres only^ve have no means at present of deciding. 

Lach Lower Peduncle of the Cerebellum in Fishes is in close 
relation with the two ‘ visceral * sensory nerves, viz., the Vagus and 

Strieker’s “ Histology,” vol. ii. p. 460. 
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Glosso-pharyngeal, and also with the great ‘ lateral nerves/ which 
are usually tributaries to the second root of the Vagus. Tlie 
whole of this latter root enters the Lower Peduncle just below, or 
by the side of, the Cerebellum. This relation is not so distinct in 
some other Vertebrates, though in all of them the roots of the 
Vagus are in close relation with the Lower Peduncle (or ‘ restiform 
body *). There is, moreover, good reason for believing that the 
great majority of thf. fibres of these Peduncles are afferent fibres, 
which come (perhaps by a doubly decussating course through the 
Spinal Cord and Medulla) from Viscera, Muscles and Skin, on the 
same side of the body — instead of entering them directly like the 
great ‘lateral nerves * or the Vagus itself. 

But in addition to sensory nerves from internal and external 
parts of the body generally, the Lower Peduncles of the Cerebellum 
also transmit to this organ numerous fibres of the Auditory. This 
arrangement obtains in Man as well as in lower Vertebrates. 

In reference to the views of Cyon (p. 218), that there are two 
distinct nerves included under what is commonly known as the 
Auditory, it is not without interest to find some of its fibres goin^r 
to the Cerebellum by the Upper, and others by the Lower Peduncle. 
The extensive connections of this doiible nerve with the Cerebellum 
are also of considerable interest, in view of the relations of analo- 
gous nerves in the majority of Mollusks (and in such Insects as 
they are known to exist) with their principal motor centres. 

It seems quite certain that each Lower Peduncle of the Cerebellum 
also contains some efferent or outgoing fibres, and that these (though 
probably existing also in other parts]^ are gathered into a small 
fasciculus (first described by Solly), which passes over the outer 
border of the corresponding Peduncle, and thence sweeps round 
the lower extremity of the ‘oliva<*y body’ to join the anterior 
column of the Cord just above the ‘decussation ’ of the Pyramids. 

There is reason to believe that it is through the interven- 
tion of the Middle Peduncles ^hat the Cerebellum princi- 
pally co-operates with the Cerebrum in thl^actital execution 
of Voluntary Movements — though incitations to talce 
part in these movements may also^ come, as we have 
already suggested, from the ‘ perceptive centres ’ in the 
Cerebral Hemispheres, by way of the ‘ red nucleus ’ anJ 
the Upper Peduncles. 
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Tlio fact that the Cerebellum does co-operate with the 
Cerebrum in some way is clear, because it has been 
proved that atrophy of one Cerebral Hemisphere leads 
to atrophy of the opposite half of the Cerebellum.^" And 
that the Cerebellum responds to stimuli from the Cere- 
brum, rather than vice versa, seems shown by the fact 
that atrophy of one* half of the Cerebellum has, on the 
other hand, no tendency to cause atrophy of the opposite 
hemisphere of the Cerebrum. 

The notion that the Middle Peduncles are the parts by which the 
relation between the Cerebrum and the Cerebellum is principally 
brought about in Volitional Action, is strongly supported by two 
sets of facts; first, by the later development of these Middle 
Peduncles and of the lateral lobes of the Cerebellum with which 
they are principally connected in the animal series, as well as by 
their progressive increase in still higher animals, and by their 
maximum size in Man ; t secondly, the view is also borne out by 
what we know of their anatomical relations. BroadbenPs, as well 
as Meynert’s, descriptions give us some wanunt for believing that 
fibres pass from each Middle Peduncle of the Cerebellum to the 
opposite half of the * pons Varolii,’ and thence (by way of the Crus 
Cerebri) in part direct to the cortex of the Hemisphere, and in part 
to the Corpus Striatum only. Other of its fibres may, perhaps, 
pass down to motor centres in the Pons itself, or to similar centres 
in the Medulla. J * 

* That is when the atrophic process of the Hemisphere in- 
volves such parts as to entail a Hcmij)legia — or paralysis of the 
opposite side of the body. (See p. 393.) 

t Meynert (Strieker’s “Histology,” Eng. Trans., ii. p. 456) calls 
attention to the fact that as the Cerebral Hemispheres increase in 
«ize, so do the m^or divisioift of the Crus, and so also do the 
Middle Peduflcles^nd ‘lateral lobes’ of the Cerebellum. (See 
p* 278 for some remarlJ touching this kind of correlation.) 

+ From the cells of fce Corpus Striatum, according to Meynert, 
there descend “ two subsequently diverging tracts, one running 
into the Spinal Cord, the other into the Cerebellum.” The latter 
ascends as a thick fasciculus in the Middle Peduncle (loc. cit. p. 
375). Chis fasciculus may contain ascending (‘ afferent’) cerebellar 
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As these ‘efferent* fibres of the Cerebellum proceed to the 
opposite motor tracts of the Cerebrum — above their seat of ‘ decus- 
sation * in the Medulla — the half of the Cerebellum whence they 
issue would (by reason of this lower ‘ decussation * of the Anterior 
Pyramids) be brought into relation with the limbs of the corres- 
ponding side of the body. This direct, rather than cross, relation 
is also indicated by experimental observations with lower animals, 
and by the phenomena of disease observably in Man. 

Putting all these facts together, it seems that the Cere- 
bellum may be regarded as an enormously developed 
supreme ‘motor centre,’ the Lateral Lobes of which co- 
operate in cross- relation with those of the Cerebrum in 
the actual execution of Voluntary Movements ; though it 
is also an organ accustomed to act — ^perliaps to a far 
greater extent and more continuously — in the execution 
of complicated Automatic Movements, in response to 
‘ unfelt ’ impressions coming to it (mainly through inter- 
nuncial fibres) from ‘ sensory nuclei * of all kinds. 

Though the Upper and Lower Peduncles would seem 
to be the principal channels through which these latter 
afferent impressions reach the Cerebellum, only a pert 
of their related outgoing stimuli may go along the Lower 
Peduncles; others of them may, in higher animals, 
traverse the Middle Peduncles. Ilowever this may be, it 
would appear that all afierent Cerebellar impressions tliat 
are destined to excite Automdtic Movements, and which 
happen to emanate from one half of the body, proceed to 
the corresponding half of the Cerebellum — whether they 
go direct (as seems to be th 0 i> case wit^ fibres from the 
Fifth, the Auditory and other cranial ^erves), 8r only after 
two decussations (as seems to be the ^ase with fibres from 

fibres as well as descending (‘ efferent*) fibres, if Meynert’s con- 
clusions are correct ; though the writer’s notion is that some at 
least of the Cerebral * afferent * fibres reach the Cerebellum by tbfl 
‘ upper peduncle'!.’ 
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the Optic Nerves, and with the ordinary Sensory Nerves of 
the body). 

In the relations, therefore, of the Cerebrum with the 
Cerebellum for the execution of Voluntary Movements, cross 
connections exist analogous to those between the Cerebral 
Hemispheres and tlm opposite halves qf the Spinal Cord. 
Whilst in the part which it plays as a supreme motor 
centre in connection with the higher kinds of Automatic 
Movements, the Cerebellum is again called into activity 
precisely as if it were a very specialized segment of the 
Spinal Cord itself.^ 

If we are to attempt shortly to sum up its functions, it 
may be said that the Cerebellum is a supreme Motor 
Centre for reinforemg and for helping to regulate the 
qualitative and quantitative distribution of outgoing cur- 
rents, in Voluntary and Automatic Actions respectively; 
or, more briefly still, that it is a supreme organ for 
the reinforcement and regulative distribution of out- 
going currents. 

After what has been already set forth, and in face of all 
the difficulties previously enumerated, it is easy to imagine 
that the Cerebellum • might appear to some to be an 
organ largely concerned with the ‘ co-ordination of move- 
ments that it might be Regarded by others as the seat of 
a ‘ muscular sense ’ ; and that it should seem to others 
stifl, to have to do with the ‘ supply or liberation of motor 
force for movements generally.* On the other hand, that 
it should ^pp#ir to have nothing to do with Instinct, 

* See p. 50*2. Manyof these ‘ eensori-motor * or Automatic Move- 
ments would, howevei% be of a bilateral type ; and such Movements 
would probably be excitable through either half of the Cerebellum 
(as it is with the Cerebrum). Hence we have another reason why 
nnila^ral diseases of the Cerebellum should often be associated with 
obscure and ill-dej^ed motor defects. 
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with Intelligence, or with Conscious Sensibility, notwitli- 
standing the fact that it is a recipient of fibres from all 
kinds of ‘ sensory ’ nuclei is as much in harmony with 
reason as with experiment — in view of the reflex functions 
which have been assigned to it. And if the function of 
the Cerebellum be merely to discharge or give off mole- 
cular energy for the initiation of Muscular Movements, in 
response cither to definitely loc^alized Volitional Incitations 
coming to it from the Cerebral Hemispheres, or in response 
to equally well localized though ^ unconscious ^ Impres- 
sions, coming from the most various ‘ sensory ’ nuclei at 
the base of the Brain and in the Spinal Cord ; we might 
expect that its microscopic structure would bo practically 
the same throughout all parts of its vastly convoluted and 
extended superficial Grey Matter — and this it is found 
to be ; we might expect also that in so far as it is related 
to the Cerebral Hemispheres, the Cerebellum would act 
only in response to their incitations — which also seems to 
be the case. The view here put forward seems, therefore, 
to be in harmony with a great body of known facts, and 
to be also capable of including under it a number of 
opinions in regard to the functions? of this organ which 
have from time to time been enunciated, and wdiich have, 
perhaps, been faulty only by reason of their more or less 
narrow and exclusive nature. 



CHAPTER XXV.- 

PHRENOLOGY :*OLD AND NEW. 

The stages by which we have arrived at what knowledge 
we possess as to the Structure and Functions of the Brain 
have been very gradual. Only within the last century, 
indeed, has the great bulk of our present knowledge in 
regard to it gradually taken shape from amidst the clouds 
of error with which the opinions of the ancients and the 
more speculations of many of the anatomists of later cen- 
turies had enshrouded it. 

A few particulars in regard to these earlier notions may 
here be given, which have been culled and condensed, 
for the most part, from the writings of Prochaska.^ 

According to Aristotle, ^he heart was the seat of the ‘ rational 
soul,’ and. the nerves (of whose relation to sensation and motion 
he was not ignorant) arose therefrom. The Brain was described by 
him as an inert viscus, cold aii^ bloodless, and scarcely to be enu- 
merated amongst the other organs of the body — seeing that it was 
of^iio use except to cool the heart. 

Brasistratus, the grandson of Aristotle, renounced the views 
which he had been taught b}^ the great master. He and Hero- 
l>lillus (abou^ 30(^ B.c.) were probably the first to dissect the 
Human Brain. He orjbinally said that the sensory nerves arose 
from the meninges, or Jiembranes of the brain, and the motor from 
the cerebrum, though much later in life ho modified this doctrine 
and declared that both classes of nerves arose from the medullary 

* ** dissertation on the Functions of the Hervous System.’* 

(Sydeimam Society^ Translation, 1851.) 
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matter of the brain; also that the ‘animal spirits* proceeded from 
the brain, and the * vital spirits ’ from the heart. He recognized 
that the Convolutions were most developed in the Brain of Man, 
and attached importance to them in relation to his superior In- 
telligence. 

Galen (about a.d. 150) set himself to refute the doctrine of 
Aristotle, He showed that the brain of animals was hot instead of 
cold, and that it walj well supplied with blood. He further main- 
tained that its elaborate structure was against Aristotle’s notion of 
its being a mere refrigerator, since for this purpose a “ rude and 
formless sponge,” would have sufficed. He pointed out that the 
brain was of the same substance as the nerves, but softer, “ as it 
necessarily should be, inasmuch as it receives all the sensations, 
perceives all the imaginations, and then has to comprehend all the 
objects of the understanding, for what is soft is more easily changed 
than what is hard.” Since double nerves are necessary, the soft 
for sensation, the hard for motion, so also is the brain double, the 
anterior being the softer, the posterior being the harder. The 
superior or ‘ lateral ventricles,’ were, according to Galeh, endowed 
with the highest functions. They received air through the nostrils (by 
way of the ethmoidal bone and the ‘ corpora mammilara ’) mixing 
this with the * vital spirits ’ brought from the heart into the ven- 
tricles by means of the arteries, and therefrom elaborating the 
‘ animal spirits ’ which were thence transmitted from the brain to 
the nerves for the purposes of motion and sensation. The lateral 
ventricles were also held to receive by the same entrance ‘ sensible 
objects,’ and odoriferous particles. Galen likewise taught that the 
brain had a double movement, a diastolic for the reception of air and 
‘vital spirits’, and a systolic, by means of which the ventricles distri- 
bute the ‘ animal spirits ’ to the nerves. Later he held that the 
animal spirits were not contained in the ventricles only, but were 
diffused throughout the whole substance of the cerebrum and the 
cerebellum. “ The use of the fornix, to which also the corpus cal- 
losum belongs, is the same,” he say^ ” as of the ^ches of buildings; 
namely, to support commodiously and safqjy the whole of the super- 
jacent part of the brain.” The corpora q^drigemina perform the 
functions of a janitor, since they serve to open or shut the passage 
by which the * animal spirits ’ are transmitted from the anterior to 
the posterior ventricle through the Sylvian aqueduct. 

Some centuries afterwards, according to Prochaska : “ Th^ Arabs 
distributed * he animal functions amongst ventricles of the 
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brain, so that one of the anterior ventricles they made the seat of 
common sensation, the other of the imaginative faculty, the third 
ventricle was the seat of the understanding, and the fourth of 
memory.” This doctrine was also maintained by Duns Scotus, 
Thomas Aquinas, and other theologians. And as late as the first half 
of the seventeenth century, “ Descartes maintained that the animal 
spirits were secreted from the brain through pores opening into the 
ventricles, and that th^e accumulating, the slightest disturbance 
of them excites the soul seated in the pineal gland ; and contrarily, 
that the animal spirits in the Ventricles are moved by the will 
acting through the pineal gland, and distributed thence through 
the nerves to all parts of the body 

But about the end of the sixteenth and the beginning of the 
seventeenth century, Casper Bauhin, Varolius, Spigolius and other 
anatomists, had been striving to show, in opposition to Galen, that 
the ventricles of the brain are not the factories and storehouses 
of the ‘ animal spirits,* and that they are more properly to be 
regarded as ” accidental structures which have no other use than to 
receive the excreta and residuum formed during the nutrition of 
the brain, and in the production of the animal spirits, and to jmss 
them away through the infundibulum to the fauces.” 

After it had been fully agreed that the ‘animal spirits* are not 
generated in the ventricles of the brain, nor produced in the 
substance of the brain to be collected in the ventricles, it was still 
generally believed that these cavities were receptacles for effete 
matters, which discharged themselves principally into the nostrils 
through the ethmoid bone* and through certain imaginary ducts 
indicated by Galen, and much later by Vesalius, as passing from the 
pituitary gland and through ^the sphenoid bone to the fauces. 
This view had, therefore, in its turn, to be overthrown, and C. V. 
Sc]^neider (1655) did much in this direction. Lower, Willis, and 
others, also became convinced that nothing could pass from the 
ventricles to the nostrils in the^way specified ; they thought, never- 
theless, “ thaf^the^rum of the ventricles passed through the infun- 
dibulum to the pituitar I gland, and thence through peculiar ducts 
to the jugular veins, wlire it was mixed with the blood.** Haller 

Even towards the end of the last century, a celebrated anato- 
•^ist, Sommering, announced his belief that the fluid of the ven- 
tricles of the brain was the real aensorium commune and proper 
®rgan dt Mind. 


L L 
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admitted that the infundibulum was. hollow, but denied the .exist- 
ence of the last mentioned ducts, and maintained that the ventricles 
required no special outlet for the evacuation of serum. 

In regard to the mode of generation of the ‘ animal spirits * it 
was contended by Malpighi, Willis (1664) and others, that they are 
secreted in the cortical substance of the brain, and thence received 
into the white or medullary substance, whence they are distributed 
through the nerves to “the whole body. “ The faculties of the mind, 
such as perception, imagination, understanding, and memory, were 
banished from the ventricles together with the animal spirits, and 
were located by some in the solid mass of the brain ; by others 
were affirmed to be i)ropertie8 of the immaterial and rational soul 
alone, and in no wise dependent on the body.” Malpighi con- 
sidered the cortical substance of the brain to be a true glandular 
structure. 

Willis has been styled the “ father of phrenology,” on account of 
the extent to which he assigned to each particular part of the brain 
a special influence on the mind. He held, ‘‘that the cerebrum 
subserves the animal functions and the voluntary motions, the 
cerebellum the involuntary ; that a perception of all the sensations 
takes place in the ascending fibres of the corpora striata, and that 
through the descending, voluntary movements are excited; that 
the understanding is seated in the corpus callosum, and memory 
in the convolutions, which are its storehouses; that the animal 
spirits are generated in the cortex of the cerebrum and cerebellum 
from the arterial blood; that they collect in the medulla, are 
variously distributed and arranged to exfcite the animal actions, and 
distil through the fornix as if through a pelican ; that the animal 
spirits secreted in the cerebellum are ever flowing, equally and coa- 
tinuously, into the nerves which regulate involuntary movements; 
but those of the cerebrum, tumultuously and irregularly, according 
as the animal actions are vehemently performed or quiescent. To 
excite sensations the spirits flow along the nerves to the brain . . • 
As to the loops of nerves with whicli the arteries here and there 
are encircled, he states their use to be to mlax or close the arteries, 
and thus during various emotions of the n|^d to admit the blood 
in greater or less quantity to certain partsV He decided that the 
pineal body is not the seat of the soul, but a lymphatic gland. 

The successors of Willis adopted some of his doctrines but refuted 
others. Much bootless discussion was carried on by Boerlmve and 
others as to Ae essential nature of the anixn^ spirits, ana in th® 
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early part of the eighteenth cejitury the following views were also 
expressed as to the uses of certain portions of the brain. Vieussens 
I)laced the seat of imagination in the centrum ovale ; Lancisi and 
Peyronie maintained that all sensation is felt and motion excited 
in the corpus callosum. Meyer placed the seat of memory in the 
cortical matter, sensation at the origin of the nerves, and abstract 
ideas in the cerebellum ; many, however, acknowledged that it was 
not possible to determine the seat of the mehtal faculties with any 
accuracy, although there could be no doubt that nature had not 
formed so many and so various divisions of the cerebrum and 
cerebellum without an object. 

Now came another crisis in the history of opinions concerning 
the brain and its functions. In preceding times the notion of the 
existence of ‘animal spirits* was received in an unquestioning 
manner; there had been much discussion as to their mode of 
origin, as to their principal seat, and as to their essential nature; 
but these problems were at last set aside for one which ought to 
have preceded them. What evidence was forthcoming as to their 
very existence? The supposition that what had been termed 
‘ animal spirits * existed at all now seemed to many a gratuitous 
assumption. After much discussion amongst the Stahlians and 
their opponents, we find Boerhave, Haller (1766) and Tissot acting 
as the last champions of the doctrine and striving to establish it 
as a truth. “ Notwithstanding,** says Prochaska, ‘‘ the authority 
of these great names, the love of truth excited distinguished 
men, who advanced doubts as to this hypothesis of the animal 
spirits, and who showed ' that the arguments adduced in its 
favour proved nothing when carefully analysed, and that the 
whole hypothesis was altogether devoid of truth.** Writing, there- 
tere, ill 1784, Prochaska says We will term the cause latent in 
thj^ pulp of the nerves, producing its eifect and not, as yet ascer- 
tained, the vis nervosa ; we will arrange its observed effects, which 
are the functions of the nervous system, and discover its laws.** 

The same itey/ 3 onsidercd it “ by no means improbable that each 
division of the intellect W its allotted organ in the brain,*’ though 
as he himself frankly pjfmitted, nothing definite could at that time 
said on the subject/^ “ Hitherto, it has not been possible,** he 
adds, ** to determine what portions of the cerebrum or the cerebellum 
are specially subservient to this or that faculty of the mind. The 
conjec^res by which eminent men have attempted to determine 
these See extremely^probable, and that department of physiology 
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is as obscure now as ever it was.” It must not be forgotten, bow- 
ever, that it was Prochaska himself who first fully described the 
nature of ‘ reflex movements/ “ The sensorium commune^* he 
says (loc. cit. p. 446), “ reflects the sensorial impressions into motor 
by definite laws peculiar to itself, and independently of conscious- 
ness/' Prochaska, moreover, recognized that the same kind of 
process might take place in the systemic ganglia, since he says 
(p. 438) : “ It seems probable, therefore, th^t besides the sensorium 
commune^ which we conjecture to be in the medulla ohlongakt, 
medulla spinalis, pons Varolii, and crura of the cerebrum and 
cerebellum, there are special sensoria in the ganglia and plexuses 
of the nerves, in which external impressions ascending along the 
nerves are reflected, that need not ascend all the way to the semo- 
rium commune, to be reflected thence/’ 

The space available in this work does not permit of an 
attempt to trace, even in bare outline, the successive steps 
by which during the last hundred years we have been 
slowly tending to acquire a more exact (though still wholly 
inadequate) knowledge of the Functions of different parts 
of the Brain. Something of this sort may, however, bo 
gathered from the work of Vulpian* on the “ Physiology of 
the Nervous System,” and from other sources. What has 
here been already said will indicate how much required 
to be done ; and what is about to^ be said will give sonic 
faint notion as to the present paucity of real knowledge, 
and as to the need in whicl\ we stand of much further 
light in many directions. 


Having considered the relations of the Cerebral Hemi- 
spheres with one another, with^the Cerebellum, and with 
the halves of the body, the reader’s*, attention must now 
be limited to the Hemispheres themsfeves, in order that he 
may learn, in this and in the next chapter, something of 
what has been made out concerning the parts of these all- 
important organs which appear to be more especially con- 

♦ “ Lemons sur la physiologie du systeme^erveux,” - 
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cerned with Perceptions, Volitions, and other Mental 
Processes. 

Again, we shall have to rely upon the same three classes 
of facts as constituted the basis for our conclusions in the 
previous chapter, though they will not be appealed to in 
quite the same relative proportions.* 

The notion that the Brain is the prindpal organ of Mind, 
and that there is a localization of function in its several 
parts, was, as we have seen* a fundamental position fully 
realized by Prochaska and others, long before Gall and 
Spurzheim (1805-1826) began zealously to study the ana- 
tomy of the organ and to promulgate in connection there- 
with a ‘Physiognomical System* which soon attracted 
great attention under the name of ‘ Phrenology.’ Its 
authors were enthusiasts who attempted to systematize an 
extremely complex subject prematurely, when knowledge 
in regard to it was altogether in its infancy — and that, 
too, without professing to have much special knowledge or 
ability for the carrying out of at least one half of the work 
involved in such an enterprise. 

Gall and Spurzheim were well abreast of, and even 
loaders of the knowledge of their day in regard to the 
anatomy of the Brain, yet at the time they elaborated their 
doctrines nothing was known to them, any more than to 
their predecessors, as to tlfc real physiological distinction 
existing between the ‘grey* and the ‘white’ substance of the 
Cerebrum. They, like those who had gone before them, 
regarded the white matter ^f the hemispheres as the essen- 
tial nervous sulf stance, while tho Grey Matter was con- 
sidered to be “ the mfetrixof the nervous fibres” — a forma- 
tive material, in facC which, wherever it was found, served 
®^^ly as a nucleus for the adequate production of nerve 
fibres.! The Grey Matter of the Convolutions, there- 

* Sei p. 477 , ^ SDurzheiiu’s “ Anatomy of the Brain,” p. 7. 
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fore, — the matter which we now believe to be so largely 
concerned with the most delicate and subtle of Brain- 
functions — was by the founders of Phrenology considered 
to have no proper nerve functions at all. 

No attempt, indeed, was made to take any account of 
more than about one half of it. Their analysis of the 
Human Mind was supposed to have been complete. 
The various Faculties, Emotions, and Propensities were 
assigned to their respective seats, corresponding externally 
with the upper and outer parts of the skull. But the Con- 
volutions of the base of the Brain, those resting on the 
* tentorium Cerebelli,* and those of the contiguous inner 
faces of the Hemispheres, were credited with no share of 
mental functions. The use of this convolutional Grey 
Matter being altogether differently estimated by the 
Phrenologists from what it is at present, their ‘ System ’ 
was devised and their organology defined with no special 
reference thereto. Incredible as this may seem to many 
persons at the present day, it is strictly true. The 
haphazard constitution and boundaries of their so-called 
^organs’ may indeed be learned from the words of 
Spurzheim himself. The organs,'' he says,* ‘^are not 
confined to the surface of the brain : they extend from 
the surface to the great swelling of the occipital hole 
(medulla oblongata) and prohubly include even the com- 
missures ; for the whole mass of the brain constitutes the 
organs." 

It need scarcely be said, ai the present day, that no 
such divisions of the Brain as are here indicated, either 
internally or externally, have any realfexistence ; and if the 
convoluted surface of the organ itsmf presents no such 
divisions as are to be seen on a phrenological cast, by 
which the several supposed * organs ' could be marked off 
♦ ** The PhyaiogBomioal System," \^15, p. 239. ^ 
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from one another, it needs little anatomical knowledge to 
imagine how much more impossible it must be to divine 
such boundaries through the skull and its integuments. 
If we take the organ of ‘philoprogenitiveness,’ for instance, 
whose assigned situation at the back of the head may be 
seen in any phrenological bust, we find that it corresponds 
with a bony promii>ence, which varies •greatly in thickness 
in different individuals, whilst internally it corresponds to 
the point of union of four great venous sinuses, and within 
these as much to the tips of the Occipital Lobes as to a 
part of the upper and posterior border of the Cerebellum.* 

The division of the human Mind into distinct ‘facul- 
ties,* after the fashion of the phrenologists, is, however, 
an error in itself, quite apart from the unsatisfactory 
nature of their particular analysis. “ Every form of in- 
telligence being,’’ as Herbert Spencer 8ay8,f “in e88once 
an adjustment of inner to outer relations, it results that, 
as in the advance of this adjustment the outer relations 
increase in number, in complexity, in heterogeneity, by 
degrees that cannot bo marked, there can be no valid 
demarcations between the successive phases of intelli- 
gence .... fundamentally considered, intelligence 
has neither distinct grades nor is constituted of faculties 
that are truly independent .... its highest phe- 
nomena are the effects of complication that has arisen 
fey insensible steps out of the simplest elements.” 

This philosophical view of Herbert Spencer is one 
which is quite harmonious with what we know of the 
progressive defelopment of the Brain in the animal series. 

But the cruditwof the psychological analysis of the 
Phrenologists is \illl capped by the simplicity of the mode 
in which they proceeded to assign the sites of the seve- 
ral ‘ organs.’ Spurzheim says : — “ Two persons at Vienna 
* Sef figs. 147, 148. \ “ Principles of Psychology,” 1st Ed. p. 486. 
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were known to bo remarkable for their extreme irresolu- 
tion ; and therefore one day in a public place Gall stood 
behind them and observed their heads. He found them 
extremely large on the upper and posterior part of both 
sides of the head ; and this observation gave the first idea 
of this organ.” Such was the kind of haphazard tentative 
method by which, after multitudinoui? observations con- 
ducted, it is true, upon persons of all kinds, ages, and 
stations in society, the details of their ‘ System ’ were 
finally established. 

The ‘ system of Phrenology * of Gall and Spurzheim was, 
therefore, fallacious in almost every respect. It was alto- 
gether defective in its psychological analysis, eminently 
unsatisfactory in its localizations, and was, in short, as un- 
reliable in its methods as it was inconclusive in its results. 
It would have been almost needless, indeed, to have dwelt 
so long upon this subject but for the fact that amongst 
the general public there are probably very many who, if 
not actual believers in the ‘ Phrenology ’ of Gall and 
Spurzheim, may be glad to know upon what precise 
grounds the system should be rejected. 

Are we, however, to run into the opposite extreme, and 
subscribe to such doctrines as those ‘put forth by Flourcns 
(1840) ? This eminent physiologist, who may be said almost 
to have been the initiator of 4'3xpei*imental research as 
directed to the determination of the Functions of the Brain, 
felt entitled to draw from his own well-known investi- 
gations the following conclusioi^s, altogether opposed to 
any localization of functions in detail — thtfe is,#of special 
functions in special regions of the Cerfcral Hemispheres. 
His conclusions are these Kech. Exp^rnent.,” p. 99): — 

“ Ainsi 1^, on pent retrancher, soit par devant, soit par derriere* 
8oit par en haut, soit par c6td, une portion assez 6tendue des lobes 
c^r^braux, sans que leura fonctions soient perdues. Une pd^tion 
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assez restrainte de ces lobes suffit done d Vexercice de leurs fono- 
lions*' 

“ 2°. A mesure que ce retranchement s’opere, toutes les fonctions 
g’afFaiblissent et s’eteignent graduellement ; et pass^ certaineii 
limites, elles sont tout-a*f‘ait dteintes. Les lobes cerelrraux con- 
coubrent done ^ar tout leur ensemble d Vexercice jplein et entier de 
leurs fonctions, 

“3°. Enfin, des qu’iine perception est perdue toutes le sont; des 
qu’une faculte disparait, toutes disparaissent. II n*y a done 'point 
de sieges divers ni pour les diverses facultes, ni pour les diverses 
perceptions. La faculte de percevoir, de juger, de vouloir une chose 
rcriide dans le mome lieu que celle d’en j)ercevoir, d’en juger, d’en 
vouloir une autre ; et consequemment cette faculte, essentiellement 
line, reside essentiellement dans une seule organe.” 

But, notwithstanding the fact that these early and 
difficult experimental investigations seemed, as Flourens 
thought, to entitle him to draw some such conclusions, his 
views could not claim a ready assent. If we are to regard 
the Brain as the principal organ of Mind, and to look upon 
each mental operation as one of the manifestations of its 
functional activity, all analogy and even probability would 
point to the conclusion that a definite order must be 
observed, and that identical mental operations will always 
be associated with the functional activity of identical tracts 
of nerve fibres and cells' in the Brain and its dependencies. 
We know that the Olfactory, the Optic, and the Auditory 
Nerves, each go to difforeni parts of the Brain, so that the 
pymary processes in relation wuth the exercise of the cor- 
responding Senses are distinct from one another. Can we 
believe that in their later gr higher phases the tracts for 
such impres|3iod& lose their distinciness ? Again, I touch the 
table at which I amliow writing, with my forefinger : the 
impression thus prjuucod travels by means of nerve fibres 
along a perfectly definite route from the part touched to 
my Spinal Cord. Can I doubt that the route by which it 
reaches the inaf n.ft definite rthoucrh not so well 
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known), and that a similar impression would always fol- 
low the same route, so long as the conducting channels 
remained uninjured ? In some such sense as this ‘ locali- 
zation ’ would seem to be a simple d priori necessity. But 
if it holds good for Sensorial Operations it will be equally 
likely to obtain for Intellectual Operations and Emotions, 
Order and regularity could scarcely bo absent in the. 
carrying on of the functions of those parts of the Brain 
alone, where, from the subtle nature and multiplicity of 
the molecular actions involved in myriads of cells and 
fibres, these particular characteristics of lower Brain-actions 
would se< m to be so preeminently ncedtul. 

The fundamental question of the existence, or not, of 
real ‘ localizations * of function (after some fashion) in the 
Bi'ain must bo kept altogether apart from another secondary 
question, which, though usually not so much attended to, 
is no less real and worthy of our separate attention. It 
is this : Whether, in the event of ‘ localization ’ being 
a reality, the several Mental Operations or Faculties are 
dependent (a) upon separate areas of Brain- substance, or 
(b) whether the ‘ localization ’ is one characterized by more 
distinctness of cells and fibres which, however, so far as 
position is concerned, may be interblended with others 
having different functions. Hive we, in fact, to do with 
topographically separate areas of Brain-tissue or merely 
with distinct cell and fibre mechanisms existing in a more 
or less diffuse and mutually intoi'blended manner ? 

The latter kind of arrangement se^s, %0i tile whole, to 
be an even more probable one than »e former, and may 
commend itself most to many persms. The existence 
of some such arrangement would help to throw light 
upon some of the results obtained by Floureiis, and, 
indeed, upo‘. doctrines advocated by Brown- Sequard at 
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the present day. It makes it possible to recognize a cer- 
tain amount of truth in them, without thereby involving 
us in a denial of the all-important principle of ‘ locali- 
zation,* as applied to cells and fibres. 

Bfowii-Sequard has indeed of late * expressed himself 
most positively in favour of the diffuse and interblended 
arrangement. He thinks he can prove, beyond question, 
that — “motor or other centres, as commonly conceived, 
that is to say, as agglomerations of cells, having one 
and the same function, and which form a more or less 
definitely limited mass, do not exist.’* The existence of 
the other mode of arrangement would equally with the 
latter make it necessary to admit that cells having the 
same kind of functional activity should be in communi- 
cation with one another by means of processes. And, as 
he contends, the functional activity of similar cells might, 
in either case, be conjointly and equally well carried on 
through the intervention of intercellular processes. It 
would, in fact, make comparatively little difference 
whether such similar cells were closely packed together or 
whether they were scattered over comparatively wide areas 
of the Cerebral Corte:^. So far, at least, the writer finds 
himself thoroughly in accord with Brown- Sequard. 

Thus, whilst a topographically separate localization of 
independent ‘ faculties * s^ms to the writer altogether im- 
probable,! he fully believes that certain portions of the 
Cerebral Hemispheres — the Anterior Lobes for instance — 
are always concerned im the carrying on of Intellectual 
and VolitiSnai Opojations of practically the same nature, 
though of differed degrees of complexity in different 
individuals. Yet ^it can scarcely be said of “ carrying 
on,” but rather of assisting and aiding to carry on, cer- 

* Arebiv. de Physiol, norm, et path.,*’ 2nd Ser. IV. p. 412. 

t lee ** Journal^of Mental Science,** January, 1869. 
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tain Intellectual and Volitional Operations ; for it seems 
improbable that even such a large division of a Cerebral 
Hemisphere as the Anterior Lobe has a distinct set of 
functions peculiar to itself. The division into ‘ lobes ’ is, 
in the main, an entirely artificial one, and the grey matter 
of the anterior region is, as we have seen, intimately 
related to the grey matter of the middle and posterior 
parts of the Hemispheres ; so that, just as our psychical 
nature consists of one great complicated but unbroken 
network in which are bound together Sensations, Percep- 
tions, Judgments, Emotions, and Volitions, so is the 
physical organ corresj^onding to these also represented by 
the most complicated and intricate network of nerve-cells 
and nerve-fibres, mutually bound together and brought 
into functional relation with one another. Whilst, there- 
fore, it may truly be said that the Anterior Lobes are 
always concerned in the carrying on of Intellectual and 
Volitional Operations of the same nature, they may be 
mainly instrumental in some functions, and they may take 
part, to a minor degree, in the execution of certain other 
Mental Operations depending more especially upon the 
functional activity of different parts — the Parietal, the Tem- 
poral, or the Occipital Lobes, singly or in combination. 

Perception, Intellect, Emotion, and Volition are so 
intimately associated with one^ another in our ordinary 
mental processes that, if we were even to attempt a defi- 
nite mapping out of their territories, so as to allot a 
separate province in the Cerebral Hemispheres for each of 
these great divisions of Mind, we shoujd probably fall into 
a grievous error. In precisely those pWts of the Cerebral 
Hemispheres that are most concerned when we look upon 
a fine painting or a fine piece of statuary, may we imagi:io 
the emotions of admiration kindled, to which the sif;‘it 
of these objects of art has given rise — however muck -he 
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activity of other centres may co-operate ; and just as the 
sight of ripe fruit upon a tree may incite a ‘ desire ’ to 
possess, followed by a Volitional Stimulus for the purpose 
of obtaining the desired object ; so in this case the parts 
concerned in the manifestation of the ‘ desire/ and those in 
which the Volitional Stimulus originates, are probably 
situated within sorrfe portions of that same area of con- 
volutional grey matter which was concerned in the Percep- 
tive Act itself. 

On the other hand, as the writer has elsewhere said,* 

inasmuch as we have certain distinct avenues of know- 
ledge (through the Sense Organs and their proximate 
nerve ganglia), and the Cerebral Hemispheres are the parts 
concerned in the elaboration of impressions so derived, we 
can well understand that the impressions entering through 
one gate or sense-avenue, may pass through the substance 
and towards the periphery of these Cerebral Hemispheres 
in certain definite directions, and according to accustomed 
routes. Then, the impressions entering through another 
gate of knowledge, or avenue of sense, may, and probably 
do, pursue a diderent direction through its substance, so 
that at the j)eriphery ^le fibres and cells concerned in the 
conduction and elaboration of these impressions may 
exist in maximum quantity in different portions of the 
surface of the HemispheFes — though in part they may 
occupy jointly the same area, and be intertwined with the 
fibres and cells concerned in the elaboration of the pre- 
viously menti(^ed set o# impressions. And so on with 
the variouS sense o|gans and their ultimate expansions in 
the form of what Ij^ould call ‘ Perceptive Centres ’ in the 
Cerebral Hemispheres. Thus, though there may be much 
and compound overlapping of areas, and though the area 
pertaining to the impressions of any particular sense in 
^ “ Jourjial of Mental Science,” January, 1869. 
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the Cerebral Hemispheres may be a very extended one (not 
to speak of the still further complication brought about 
by the communication established between the nerve cells 
of one sense area with those of others in the same Hemi- 
sphere, and of the probable union by means of commis- 
sural fibres between analogous parts of the two Hemi- 
spheres), still it mfCy well be that certain portions of the 
surface of the Cerebral Hemispheres might correspond 
more especially to the maximum amount of nerve cells 
and fibres pertaining to some one or other of the various 
senses. . . . Just as certain of the senses contribute 

in a preponderating degree towards the building up of our 
mental impressions and their corresponding volitional 
results {e.g., those of Sight, Hearing, and Touch), so we 
may imagine that these sense organs would be connected 
internally with a comparatively wide area of cortical sub- 
stance in each Hemisphere.^ It would be fair to infer as a 
probability, therefore, that the * perceptive centres * for 
visual impressions, and also those for acoustic impres- 
sions, would have a wide-spread scat in the cerebral hemi- 
spheres, whilst those pertaining to the gustatory and 
olfactory senses would have a more limited distribu- 
tion.” 

With merely a few verbal alterations the views above 
stated were put forth by the Waiter in papers written in 
1865 and 1869. And simple as the notion may now seem 
that we have a right to look for distinct ‘ Perceptive Centres’ 
in the cortical substance of the Hemisphere^, which should 
be in direct structural relation with tlaeir ^j^esjftctive sen- 
sory nerves and lower ganglia (or ‘ iituclei ’), in or near 
the Medulla — no mention of this kind oV ‘ localization * was 
up to that period to be found in medical or physiological 

♦ A notion of this kind has lately been supported also by Prof. 
Croom Robe- uson in “ Mind,” 1877, p. 97. 
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works ; * * * § although, as the writer then first attempted to 
show, such notions threw much light upon Cerebral 
Physiology, and upon certain defects of Speech resulting 
from disease of the Brain. f The writer’s views were shortly 
afterwards endorsed and extended by Dr. Broadbent, in 
a valuable paper on the Cerebral Mechanism of Speech 
and Thought.” J • 

Soon, moreover, physiologists began in earnest to 
search for such ‘ Perceptive Centres ’ in the cortical 
grey matter. The first to do this was Dr. Ferrier, 
though he makes no reference to the writer’s views. He 
took up the enquiry, perhaps independently — certainly 
in a thoroughly systematic manner — and his results 
deserve to be most carefully studied.^ The notion 
that there ought to be such ‘ perceptive centres * evi- 
dently commended itself to Ferrier, and, with charac- 
teristic energy, he sought to throw light upon their locali- 
zation, as he had previously — instigated by the views of 
Hughlings Jackson — sought to establish the existence 

* No such conclusions were to be inferred, from the views 
concerning Cerebral Physiology put forward in this country 
generally. There is a philosophical opposition, in fact, between 
them and doctrines which have been widely promulgated b}' Dr. 
Carpenter (see an article on Sensation and Pei'ce^dion, * “Nature,” 
Bee. 23, 18(59, and Jan. 20, 18F0, p. 309). 

See “ Physiology of Thinking ” (“ Fortnightly Review,” Jan- 
ivary, 1C09), and “ Defects of Speech in Brain Disease ” (“ Brit, and 
For. Med. Chir. Rev.,” January and April, 1869). 

+ “Med. Chi^ Trans.,” ft72, p. 180. Writing, indeed, in the 
“Journal o^ Mental ^ience” for April, 1870 (p. 23), Broadbent 
says : — “ These convomtions then which receive central fibres, and 
are bilaterally associfted by the C. callosum, will constitute the 
perceptive centres of Dr. Bastian.” 

§ His first communication on this subject was presented to the 
^oyal Society, in April, 1875, and is to be found in Pt. II. of 
that, fear’s “ PhiLJrans.,” p. 415. 
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of distinct ‘ motor centres ’ in the cortex of the Cerebral 
Hemispheres. 

Till quite recently there has been a notable dearth of 
evidence in medical literature in regard to the existence 
and localization of any such ‘ Perceptive Centres ’ — either 
in man or in the lower animals. We have, as already 
explained, good reason for believing that sensory or 
^ingoing’ fibres from the bpdy generally pass to the 
Cerebral Hemispheres in the upper or posterior layers of 
the Cerebral Peduncles ; and that in the situation where 
each of these expands within its own Hemisphere into 
the so-called ‘ corona radiata ’ such ingoing fibres corres- 
pond to the posterior third of this fan -like expansion, 
and are there joined by fibres coming from the lower 
ganglia or ‘ nuclei ’ in relation with the organs of 
Sight, Hearing and Taste. Destruction of this portion of 
the peduncular fibres is found to cut off all sensory 
impressions — special as well as general — proceeding 
from the opposite half of the body (p. 490). But, whilst 
our knowledge is good to this extent, we are still much 
in the dark as to the relations of these sensory fibres 
with the Thalamus (and, indeed, as to the precise func- 
tions of this body generally), as well as concerning the 
ultimate distribution of the several sets of fibres to 
particular regions of the cerebral cortex — where alone 
their respective impressions seem to culminate and be- 
come associated with subjective phenomena, or States of 
Consciousness. • % ^ 

The fact of this absence of evidence in reTard to the situation of 
the ‘ Perceptive Centres ’ of Man seems first very surprising, 
since it might be imagined that a study ’<5f the multi tudiiions 
records of l ocal disease implicating the surface of the Brain which 
exist in medical works would soon settle the problem. This, 
ever, is far from being the case, and that for many reasons ybich 
need not iiov< be detailed. Suffice it to say, tb^t local lesions of 
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tlic mere cortex of one Cerebral Hemisphere in man have apparently 
never been known to be definitely associated with loss of Smell, 
of Sight, or of Hearing on either side of the body.* This peculiar 
circumstance seems to be specially related, as the writer pointed out 
in 1874, t to the duplicate nature of the Brain, and to the fact of 
the connection of each of its Hemispheres with the double and 
intimately united lower ganglia or nuclei of each of the Special 
Senses. ^ • 

In consequence of such an anatomical arrangement one Hemi- 
sphere seems often, in a very i^hort time after the occurrence of 
damage or injury to its fellow, to be capable of being brought 
into relation with sensory impressions from both sides of the 
l)ody, so that although the ‘perceptive centre* for the sense of 
Sight, of Smell or of Hearing, may be destroyed in the convolu- 
tions of one hemisphere, no blindness of the opposite eye or no 
unilateral loss of smell or hearing, as the case may be, is produced. 
It is quite possible that, in the first instance, there may be 
some unilateral loss or weakness of one or other of the special 
Senses when one of its convolutional centres is damaged, although 
this defect, in the early days of an illness, may easily pass un- 
observed. Failure of observation in regard to such points as 
tlu'sc, is a matter of very common occurrence at the commencement 
of an acute disease of the Brain, both on the part of a patient 
and of his medical attendant. Such defects would, very probably, 
not be noticed or ascertained unless they were specially looked for, 
as Forrier has of late rightly enough maintained. Still the extreme 
rarity of unilateral impainments of Smell, Sight, or Hearing, as 
immediate effects, in association with diseases or injuries of one 
hoinisphere of the Brain stands out, as a very notable fact, in 
regard to which all the best observers are unanimous. 

If light is to be thrown, therefore, upon this very 
interesting question within any brief period, recourse 
nuist be had to experinfents with some of the lower 
animals. (?f. tnese,f Monkeys are obviously the most 
suitable of all, on Iccount of the general resemblance 

* An approximation to this knowledge had, however, been 
arrived at in regard to Smell. For reference to cases, see Ferrier’s 
‘Functions of the Brain,** p. 191. 
t “iaiicet,*’ July 25, 1874, p. 111. 
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which obtains between the Brain of these animals and 
that of Man. Such experiments have been made with 
much skill and judgment by Dr. Ferrier,* to whoso 
writings the reader must be referred for full details as 
to his numerous observations, and the validity of the tests 
adopted. Here there is space only for a brief enunciation 
of the results anJ conclusions at which he has arrived. 


B PL 



Pio. 172 .— Left Hemisphere of the Brain of a Monkey (Macanis), A, fissiiro 
of Sylvias ; B, fissure of Uolando ; C, Parieto-occlpital, or, perpendicular fissure ; 
F L, Frontal Tjobe ; P L, Parietal Lobe ; O L, Occipital Ijobe ; T 8 L, Temporal Lobe ; 
F, upper, F2, middle, F3, lower Frontal Convo^tion ; «/, supero-frontal Sulcns; 
■if, infero-frontal Sulcus ; antero-parictal Sulcus ; A P, Ascending Frontal, and AP, 
Ascending Parietal Convolution ; P P L, Post cro- Parietal Ijobnlo ; A G, Angular 
gyrus ; ip, intra-parietal Sulcus ; T, Ta, T3, Upper, Middle, and Lower Temporal 
Convolutions ; ti, fa, Upper and Lowc/l'cmpcfal Sulci ; Oi, O2, O3, Upper, Middle, and 
Lower Occipital Convolutions ; oi, 02, first and second Occipital Fissures. (Ferrier.) 

These experiments of Ferrier are supposed by him to 
support the notion that ‘ perceptive centres ’ limited in area, 
and topographically distinct from ona anomer, ‘exist in the 
cortex of the Cerebral Hemispheres.! His facts, however, 
do not necessarily carry with them an^such interpretation. 
They are quite capable of being explained in accordance 

• See “ PTuIor. Trans. 1875,” Pt. II., and “ The Functions of th* 
Brain,” 187 chap. ix. 
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with what we hold to be the more probable theory, viz.: 
that such ‘ perceptive centres * or mechanisms are diffuse 
in seat and interblended with others. This, indeed, has 
been pointed out by Prof. Groom Kobertson,* who says : — 
‘‘ so there is no intrinsic improbability — rather the reverse 
— ^in the view, that impressions received by any organ of 
sense are all carried up first to a particular region of the 
cortical substance before they are brought into relation 
with other impressions and with motor impulses, or are 
otherwise elaborated in the brain. It may \vell be that 
there are special sensory regions in the brain-cortex, and 
that Dr. Ferrier has given the first rough indication of 
their locality.” Each set of sensory fibres might, in fact, 
direct themselves towards some particular part of the 
cerebral cortex, whence the fibres might diffuse themselves 
more or less widely. These ‘ first cortical stations,’ or 
regions from which sensory fibres diffuse themselves in 
different directions, may have no real claim to be considered 
as ‘ centres,’ and yet the same kind of results may follow 
from their destruction or stimulation as if they were real 
‘ centres, ’f And owing to the subsequent diffusion of the 
several kinds of fibres, other regions are not likely to be 
revealed by experimental investigation which would have 
any similar claims to be regarded as ‘ sensory centres.* 
Croom Robertson truly sa/s, sensations themselves ‘‘can 
neJlher be supposed to be consummated at their first 

* See a review gf Dr. Ferricr’s work in “ Mind/’ 1877, pp. 96, 97. 

t C. Robertson aptljjre marks, “ Peripheral impressions may be 
latterly prevented from Joming into consciousness by the cortical 
Bsion ; but it does ndi follow that the last act of the nervous 
Process involved in a conscious sensation of touch is naturally 
animated there and nowhere else in the brain, or that in afi 
region there is no work done but such as (objectively) we call 
'Onch.® 
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cortical station, nor be either traced or thought likely to 
be traced farther by any experimental means yet devised.” 

Although Ferrier’s determination of the sites which are 
of most importance for each Sense require more confirma- 
tion by other workers than they have yet received, before 
they can be finally accepted as correct, the discrimination 
and ability with which his experiments have been con- 
ducted should ensure for them that careful and thorough 
testing which their importance deserves. 


C/,’r.7 





Fir;. — Internal Aspect of the Rij^^ht HcTniHpbero of a Monkey {Macacu ^). CC 
C«rt7»u8 Callosum diviciod; C\ internal parieto-occipftsil Fissure; Cms, Calloso-niargiiiii 
Fissure; Cf, Calcarine Fissure; dj\ Dentate Fissure; ^ 7 .?, Collateral Fiesuro ; Gi' 
Cyrus fomicatus ; CM, Marginal Convolution; Gif, Uncinate Convolution; -S 
Crochet, or subieulurn conm Ammonia Quadrilateral Lobule; Z, Cuncus 
FO, Orbital Lobule. (Ferrier. ) 


Well conducted experiments upon animals are pecu- 
liarly needed and suitable fow throwing light upon this 
obscure problem as to the possible locidization eflf ‘perceptive 
centres’ in the Hemispheres, becaVse when numerous 
trials, as to the effects of local stimulation or destractioi 
of different regions of the Hemisphere, may have enable^ 
the experimenter to fix upon some portion of the cortex a! 
the main seat of one of such centres^ it is thenfin hu 



Chap. XXV.] 


PHRENOLOGY : OLD AND NEW. 


533 


power at will to call into existence conditions which 
almost never exist in the case of disease in the human 
subject — that is, he can produce symmetrical destructions 
in corresponding regions of the two Hemispheres, and 
knowing that such lesions alone exist, can thereafter most 
carefully test the animal’s condition in respect of the 
sense- endowment supposed to be interfered with. 

Taking first of all the case* of the sense of Sight, we find 
Ferrier localizing its ‘ perceptive centre ’ in the ‘ angular 
gyrus’ and part of the ‘ supra-marginal lobule ’ (fig. 174). 



Fia. 174. — Brain of Monkey, showing shaded area corresponding with so-callcd 
Visual Ceutic in the cortex of left Cerebral Hemisphere. (Ferrier.) 

Destruction of such parts on one side in an animal rendered 
insensible by chloroform, seemed to produce blindness 
of the opposite eye for a day or more — judging from the 
effects of bandi^ing the t>ther eye for a time and then 
removing the bandfjge, so as to be able to watch and 
contrast the animaljp behaviour under these different con- 
ditions. After a nay or two, the animal experimented 
npon again appeared to see with both eyes. Where, 
however, these regions of the cortex had been destroyed in 
hoth^Hemispherfis. the creature became blind in both 
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eyes, and did not subsequently recover from this condi- 
tion. Instead of a temporary defect on the side opposed 
to the unilateral lesion, the animars sight was now per- 
manently lost on both sides.* 

After comparative observations upon the effects of uni- 
lateral and double destructive lesions, Ferrier localized the 
‘ perceptive centre ’ for the sense of Hearing in the upper 
half of the ‘ superior temporal convolution ' (fig. 175). 



Fio. 175. —Brain of Monkey, showing a shaded area corresponding with the so- 
called ‘ Aviditory Centre ’ in the Cortex of the right Cerebral Heniisidiere. (Ferrier.) 

c 

Here again destruction of this region in one Hemisphere 
was found to lead only to a very temporary deafness in 
the ear of the opposite side of*^ the body ; whilst destruc- 
tion of the same region in both Hemispheres caused a 
lasting and total deafness on both sides. Referring to 

* See p. 393 for the notification that in thefrbraii of Prof. 
Morgan there was no appreciable difference In the appearance of the 
‘ angular gyrus * and the ‘ supra-niarginal Rbule * on the two sides 
of the brain, although this celebrated mathematician had been 
on one siae almost from birth. In the examination of the Brain o 
a deaf and dumb woman, moreover, Broadbent (“Jml. of Anat.an 
Physiol,,” ' ol. iv. p. 218) neither records the existence of no^repre* 
sejits any special atrophy in the ‘ superior temi|Qral convoluwons* 
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one of the animals on which he studied these effects, 
Terrier says 

“The angular gyrus had just been cauterized on the left side, 
with the effect of causing blindness in the right eye alone, and 
without any affection of hearing or the other senses. The superior 
teniporo-si)henoidal convolution was then exposed and cauterized 
on both sides, the lesion, as was ascertained 'jjast-mortmuj being 
confined to this region. After complete recovery from the opera- 
tion, the various senses and powers of voluntary motion were tested 
repeatedly. Touch, taste, and 'smell were perfect; and sight, as 
indicated by the animars perfect freedom of movement and ability 
to find its food and drink, practically unimpaired twenty- four hours 
after the operation. As regards hearing it was difficult to devise 
a satisfactory test owing to the alertness of the animal, and the 
attention that it gave to everything around it. A loud sound close 
beside it caused a start, which, however, could not be taken as a 

test of hearing proper as distinguished from reficx action sf 

In order to avoid attracting its attention by sight, I retired behind 
the dcor and watched the animal through a chink, while it sat 
comfortably before the fire. When all was still I called loudly, 
whistled, knocked, &c., without attracting the animars attention 
to the source of the sound, though it was sitting perfectly awake 
and looking around. On my cautiously approaching it, it remained 
unaware of my proximity, until I came within the field of vision, 
when it started suddenly and made grimaces as if in terror or alarm. 
On repeating these tests when the monkey was sitting quietly 
along with a companion monkey whose powers of hearing were un- 
questionable, the companion invariably became startled at the 
sounds, and came peering cuyously to ascertain their origin, while 
yie other remained quite still.” 

In regard to the seat of the ^ perceptive centre * for the 
sense of Smell we have anatomical indications of groat 
value. The oinnection of the ‘ olfactory tract,’ with the 

* “ Functions of t^ Brain,” p. 174. 

t These startingsjjproduced by near noises are, as Ferrier very 
justly says, “to be regarded as reflex phenomena of the same 
nature as those observed by Flourens, in the case of pigeons 
deprived of their hemispheres, when a pistol was fired close to the 
hea^” 
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tip of the Temporal Lobe (or, indeed, the actual continuity 
which exists between these parts in many animals), as 
Ferrier says, “might of itself be regarded as establishing 
strong grounds for a physiological connection between this 
region and the sense of smell.*' He adds : “ In the monkey 
and in man the direct connection between the outer root 
of the comparatively small olfactory tract and the 
subiculum * is not so evident, though in the monkey it 
is more apparent than in man. The origin of this so- 
called root from the subiculum is, however, thoroughly 
established by microscopical investigation.** 

A lesion of one subiculum was found to cause diminu- 
tion or abolition of Smell on one side, viz., the side of 
lesion — thus confirming the direct relation above indicated. 
For, as Ferrier points out,f “ Neither the inner roots which 
fuse with the gyrus fornicatus on each side, nor the outer 
roots which are connected with the subicula, and thence 
through the posterior pillars of the fornix with the optic 
thalami, undergo decussation, and hence there is no 
anatomical basis of cross connection between the olfactory 
bulbs and their cerebral centres.** Destruction of botli 
these regions, was found to cause loss of Smell on both 
sides, of a permanent character..! 

* This name is given to the inner part of the tip of the Tempo- 
ral Lobe, or more precisely to the tip of the ‘ uncinate convolution/ 

t Loc. cit. p. isk 

I An attempt to explain the lack of decussation of the olfactory 
channels has been hazarded on p. 48*2. The sense of Smell (the 
organs of which are situated on each Side of the igiddle line of th<) 
body) is just that mode of sensibility in whkh no discrimination is 
ever made between the impressions coming «om the two sides. No 
sort of disturbance or embarrassment woulAtherefore seem lively 
to be produced from the fact that impressions of smell from the 
right nostril, are brought into relation in the corresponding Cere- 
bral Hemisphere with gustatory, visual, auditory, and tactile mi* 
pressioDS emanating from the le/t side of the bo^y, and vice ^-TSO. 
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Owing to the protected position of the tip of the 
Temporal Lobe, accurate limitation of lesions in this situa- 
tion was found to be almost impossible. Hence, though 
the ‘ centre ’ for Taste is believed by Ferrier to be imme- 
diately contiguous with that for Smell, viz., in the lower 
part of the middle temporo-sphenoidal convolution,’* at 
the tip of the Temporal Lobe, he Is unable to speak 
with so much certainty as to this localization. The 
abolition of taste,” he says, “ always coincided with 



Vio. 176. Urain of Monkey, showinf? shaded area in Temporal Lobe, the dcstnic- 
tion of which caused loss of S^aell oil the siiino side, and loss of Taste on the 
opposite side. (Ferrier.) 


destruction of regions sitmated in close relation to the 
sifbiculum ; ” whilst in favour of the part above defined 
being the centre for Taste, he remarks that irritation of 
this portion of the ' middfe temporal convolution * leads to 
movements’^f ftie lips, tongue, and cheek pouches, which 
he regards as ‘‘refl^ movements consequent on the ex- 
citation of the gusmtory sensation.’* Destruction of this 
*’egion on one side produced temporary loss or impair- 
ment of Taste on the opposite side of the tongue ; whilst 
the l^s of this sense became complete, double, and per- 
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manent, when the same part was destroyed on both 
sides.* 

Destruction of the whole of the tip of one Temporal 
Lobe, was found to produce a temporary loss of Smell on 
the same side and loss of Taste on the opposite side. 

In regard to the seat of the ‘ centre ' for Tactile and 
Common Sensibility, some difficulty was at first experi- 
enced in fixing upon any site which seemed especially 
concerned with such impressions, Ferrier says : “ After 
numerous experiments, in which almost the whole outer 
surface of the hemisphere had been successively destroyed 
W'ithout causing loss of the sense of touch, it seemed to 
me strange if such an important intellectual sense should 
not, like the others, have a special centre in the hemi- 
sphere. My attention was, therefore, directed to the inner 
aspect of the temporo- sphenoidal lobe, and to devise a 
method by which this region might be reached and 
destroyed.” Ferrier soon succeeded in getting at this region 
from behind, and his subsequent experiments induced him 
to regard the ‘ hippocampus major ' and the overlying 
* uncinate convolution ’ as the jjarts which are specially to be 
regarded as the centre for Tactile Impressions (fig. 177). 
Destruction of this region causes complete loss of sensibility 
in the opposite half of the body, and that, too, of a more 
permanent character than the diminution which occurs in 
other modes of sensibility from unilateral destruction ot 
their convolutional ‘ centres ’ — a result which is so far in 
exact accordance with what may be frequently recognized 
as the effect of disease of the Brain i^ MiSi.f • 

* Ferrier says : ** With the abolition of tas\3, cutaneous sensibility 
of the tongue was also abolished, a fact indicating the association 
in the hemisphere of the centres of tactile and special sensation m 
the tongue.” (Loc. cit. p. 189.) 

f “ Paralysis from Brain Disease/’ 1875, pp. 109, 121. 
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As regards the establishment of the existence or absence 
of Tactile Sensibility in an animal under observation, the 
same kind of difficulty is encountered as in regard to the 
other senses, owing to the uncertainty besetting the dis- 
crimination of a mere reflex reaction to stimulation, from 
one which has resulted from a conscious Perception. 
Ferrier therefore endeavoured to ‘apply such tests as 
might clearly distinguish between the two cases, relying 
more on the evidence tonished by the spontaneous 



Fia. 177.--Internal Aspect of the right Hemisphere of the Brain of a Monkey, 
showing a darkly shaded area corresponding with the so-called ‘Tactile Centre,’ and, 
hy dotted linos, the direction in which an instrument was inserted for the destruc- 
tion of this area. (Ferrier.) 

activity of the animal than on mere response to cutaneous 
stimulation.” 

He operated upon a Monkey which was in the main left- 
Handed, that is, one which took things offered to it pre- 
ferably with the left hand. ‘‘ For this reason the right 
hippocampal region was^destroyed, with the view of affect- 
ing the of touch in the limb which the animal 

usually employed.1 The results are thus described.^ 

“After recovering from the operation and the narcotic stupor, 
sight and hearing were found to be unimpaired, and the intelligence 
quick and active as before. But cutaneous stimulation by pricking, 

♦ Loc. cit. p. 179. 
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pinching, or pungent heat sufficient to cause lively manifestations 
of sensation when applied to the right side of the body, failed in 
general to elicit any reaction whatever on the left side, whether 
face, hand, or foot. Only occasionally when the stimulus was 
intense or long continued, did reaction at all ensue. This most 
remarkable absence of response of any kind rendered the fact of 
annihilation of tactile sensibility almost completely proved without 
further evidence.” « , 

An alteration in the character* of the Movements capable 
of being executed by the left limbs also existed, which, as 
Ferrier thinks, was of the kind due to the loss of tactile 
sensation by which movements are guided.” It seems 
almost more than doubtful, however, in the face of much 
recent evidence, whether ‘ataxy* of Movement is neces- 
sarily or even ever occasioned by mere loss of cutaneous 
sensibility (see pp. 582, 700). 

But a digression becomes needful at this point, on 
account of the complex nature of Tactile and Common 
Sensibility, and their relations to the so-called sixth or 
‘ Muscular Sense.’ It is highly important that definite 
notions should, if possible, be arrived at in regard to 
the latter endowment, in order that we may learn how far 
anything worthy of the name exists, apart from the 
various modes of Tactile and Common Sensibility — and 
also, incidentally, what mode of, sensibility it is by which 
Movements are principally guided. 

Under the head of Tactile and Common Sensibility are 
to be included many diflerent kinds of Impressions more 
or less distinct from one another. Thrown fntewa tabular 
form they may be thus arranged : 

^ 1. Tactile impressions proper. 

a. From Shin and \ 2. Impressions of contact and pressure. 
Mucous Mem - y 4. Impressions of tempe**'^”’*" 
bnmes, C 3. Impressions of pain.^ 
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^ 1. Impressions (ill defined) of strain or 
If. From Muscles, / tension. 

(. 2. Impressions of pain (rare). 


c. From Fascico, Ten- 
donSi and Bones, 


d. From Viscera, 


1. Impressions (ill defined) of strain or 

pressure. 

2. Impressions of pain (rare). 

* 

1. Impressions of contact or pressui*G 

• (rare). 

2. Impressions of pain (more common). 


The different modes of sensibility both in Skin and in 
Mucous Membranes arc found to vary in their acuteness 
in certain diseases of the Cord or Brain, quite out of 
relation to one another. Thus the ability to discriminate 
between heat and cold, or the sensitivity to painful im- 
pressions may, either separately or together, be abolished 
in parts which arc still sensitive to impressions of con- 
tact (tactile sensibility or touch proper), or vice versa. 
llcnce it is that some distinguished physiologists believe 
these different kinds of Impressions to be conducted by 
separate nerve fibres ; whilst others, with as much evidence 
in favour of their vie\v, consider that the same nerve fibres 
are capable of being impressed in different modes, so as 
to conduct different kinds of molecular vibrations — and 
^that they may hence give rise to Impressions, whose 
subjective phases differ to the extent above mentioned. 

Passing from considerations of this kind, we have now 
to face the related, thoflgh much more important, set of 
questions, as to ihe existence, nature, and origin of a 
separate endowmjnt, commonly spoken of as the Muscu- 
lar Sense, These questions have much occupied the 
attention of physiologists, pathologists, and psychologists 
' — and especially the latter — during recent years. So 
luifth importance, indeed, is assigned to the ‘ Muscular 
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Sense ’ impressions by psychologists that it becomes above 
all things necessary for clear and comprehensive notions 
to be entertained as to the real nature of any such en- 
dowment. Prof. Bain, for instance, maintains that unless 
certain views are held in regard to the muscular sense— 
unless it be deemed, as he terms it, an ^ active ' mode 
of sensibility directly dependent upon hiotor nerves and 
motor centres — ‘Hhe most vital distinction within the 
sphere of mind is bereft of all physiological support.”* 
This may or may not be true ; but in any case it shows 
the importance of being able to arrive at correct notions 
concerning an endowment upon the nature of which so 
much of philosophical doctrine is supi^osed to depend. 
Groom Robertson has also of latef referred to the sub- 
ject as ‘‘ one of the first importance in the psychology oi 
the present day.” 

The views expressed at different times in regard to the 
‘ Muscular Sense,' and the means by which we appreciate 
* resistance ' have been so various and contradictory as to 
make it almost impossible to give the student of this 
question any adequate notion of the real problems requiring 
solution without bringing together ^omo histoidcal notes 
illustrative of the various opinions that have been held 
on the subject. Some of these notes of earlier date were 
originally supplied by Sir Wm. Hamilton ; but, as much 
light has recently been thrown upon the subject by obser- 
vations of cases of Hemi-anaesthosia occurringin the human 
subject it is in all respects convenient, and e’^n necessary, 
that the whole question should be reconsidered. This 
has been done; but as the discussioi of the question 
constitutes a digression too lengthy to be introduced irto 
this chapter, and as it is evidently technical in nature, it 

• “ Senses and Intellect,” 3rd ed., p. 7?. 

t ‘‘Mind,” 1877, p. 98. 
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has been thought better to relegate it to an Appendix 
(p. 691), and here merely to introduce the view which seems 
best supported by the evidence there adduced, together 
with some suggestions which may, perhaps, be calculated 
to obviate confusion in the future. 

The conclusion there arrived at is that the term 
‘ Muscular Sense *• ought to be abolished, as being in 
several respects misleading, when applied (as it often is) 
with totally distinct significations, partly referring to some 
and partly to all the impressions which we derive from 
our moving members, or from Movements generally. Wo 
may much more reasonably and conveniently, in the face 
of all the disagreements concerning the ‘ muscular sense,’ 
speak of a Sense of Movement,* as a separate endowment, 
of a complex kind, whereby we are made acquainted with 
the position and movements of oui*limbs, whereby we judge 
of ‘ weight ’ and * resistance,’ and by means of which the 
Brain also derives much unconscious guidance in the per- 
formance of Movements generally, but especially in those 
of the automatic type. Impressions of various kinds 
combine for the perfection of this ‘ sense of movement,’ 
and in part its cerebral seat or area coincides with that of 
the sense of Touch. ‘There are included under it, as its 
several ♦ components, cutaneous impressions, impressions 
from muscles and other deep textures of the limbs (such 
Ss fasciae, tendons, and articular surfaces), all of which 
yield Conscious Impressions of various degrees of defi- 
niteness ; and in additign there seems to be a highly 
important •set® of ‘nnfelt ’ Impressions, which guide the 
motor activity of me Brain by automatically bringing it 

* Or in one word, Kiiinosthesis (from Kiv€<a, to move and 
s^^nsation). To speak of a * Kinoes thetic Centre’ will 
certainly be found more convenient than to speak of a ‘ Sense of 
Mo^(|,ment Centra.’ 
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into relation with the different degrees of contraction of 
all Muscles that may be in a state of action. 

Such impressions, in such groups, differ from those of 
all other Sense Endowments inasmuch as they are ‘results’ 
rather than ‘ causes ’ of Movement, in the first instance ; 
and are subsequently used only as guides for promoting 
the continuance of Movements already begun (p. 69). But 
in other cases the ‘ ideal * revival of some such impressions 
will cooperate with certain sensorial or ‘ volitional ’ stimuli 
for the renewal of Movements that have been executed at 
some previous time. 

The experiments of Ferrier are tli ought by him to show 
that the sensibilities pertaining to Muscles, Fascia), Ten- 
dons, and Joints depend upon Impressions which diffuse 
themselves in and from the same cortical area as that 
tvhich is related to the more superficial Cutaneous Impres- 
sions, By certain cortical lesions, as well as by lesions of 
the posterior part of the ‘ internal capsule,’ all these modes 
of Tactile and Common Sensibility have been thought to 
be impaired or abolished together. 

It is quite possible, however, to find that in certain 
diseases of the Spinal Cord, the sensibility of the Skin may 
be impaired or lost, whilst that of !lie Muscles and other 
deeper structures is retained ; or in other cases for the 
sensibility of the Skin to be preserved whilst that of the 
Muscles is lost ; * and in others still, for ordinary superficial 
and deep sensibility to be preserved, whilst the transit of tlie 
‘ unconscious ’ impressions fron^ Muscles, above referred 
to, is more or less interfered with, ^o tliat •whilst, in 
such a case, there is neither motor nol sensory paralysis, 
there may be an inability to co-ordinate! Movements with- 
out the aid of Sight.f 

* Jaacoud, “Les parapl^ies et Tataxie,” 1864. 

f ^<andry, “Traits des paralysies/' 1859* 
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In regard to Visceral Impressions, the reader must 
now be well aware that sensations are not habitually 
received from internal organs, and that vague impressions 
only are felt at intervals so long as these organs continue 
in a healthy condition. That impressions, however, 
habitually pass from some of the viscera to the Brain, 
although devoid o# conscious accom|)animents, can be 
shown by good indirect evidence. Systemic impressions 
are, in this manner, liable to exercise an important 
influence upon the general current of our Thoughts and 
Emotions, and they may also modify to a marked extent 
the activity of the Brain within the spheres of one or 
more of the Special Senses. Thus, though not themselves 
attended by Consciousness, it is unquestionably true that 
various ^ visceral impressions ’ powerfully modify the Con- 
scious Life of lower animals as well as of Man. 

It is more than probable, therefore, that these Systemic 
Impressions pass by definite routes through the Medulla 
and lower parts of the Brain, and thence upwards to some 
definite region of the Cerebral Cortex, whence they possi- 
bly radiate in different directions. The fact that the 
impressions are of an ‘ unconscious ’ type need not insj)iro 
doubts as to whether tfiey reach the Cerebral Cortex. The 
probabilities are greatly iiP favour of their doing so. 

^ The parts of the Cortex,^iowever, to which such impres- 
sions principally proceed is at present unknown. Ferrier 
is inclined to believe that they go to the Occipital Lobes, 
but the evidence adduce! by him seems to the writer 
inadequate Ifco Appoxt such a conclusion, and he himself 
does not strongly imini upon it.* Apart, moreover, from 
the dubious naturf of the special evidence upon which 
Perrier’s opinion in regard to the cerebral localization 
of Visceral Impressions is based, this conclusion is one 
* “Functions oi the Brain,” p. 192 
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which does not commend itself very highly when judged 
by general evidence open to all. It is surely a little 
repugnant to warrantable inferences to be asked to believe 
that impressions so primordial as the ^ systemic * through- 
out the Vertebrate Series (and which would seem to 
diminish rather than increase in importance in the higher 
members of the series) should have«most to do with one 
of the latest evolved and most specialized portions of the 
Cerebrum. This general evidence, indeed, as the writer 
has elsewhere suggested, points rather to the greater pro- 
portionate implication of the Occipital Lobes with the 
higher Intellectual Activity of which the animal is 
capable.* The latter notion has also been supported by 
Dr. Hughlings Jackson and others, because of its accord- 
ance with many facts supplied by sufferers from diseases 
of the Brain. 

It does not at all follow that Visceral Impressions from 
the two sides of the body should, like the majority of 
sensory impressions, decussate in some part of their 
course to the Cerebral Hemispheres. No similar advantage 
would result from the decussation of such impressions. 
In the first place, no uniform bilateral symmetry is mefc 
with throughout the Viscera ; and secondly, if the crossing 
of other sensory strands has been brovight about in the 
manner we have attempted to«indicate (p. 478) no object 
would be gained by a similar decussation of Visceral Im- 
pressions. This is obvious when we consider that Visceral 
Impressions carry with them no# tendency or need to evoke 
the activity of merely one side of tl^ boV- '■ So far 83 
they pass to the Cerebrum, and excite the action of ‘ organs 
of relation,’ they would appear to act only through the 

* “The Human Brain,” Macmlllcm'a Magazine, Nov. 

The same iew, it appears, was put forward by Dr. Carpenter m 
the Brii. tj For, Med. Ohir. Beview for Oct. 184(5. 
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intermediation of impressions from the Special Senses, 
the centres of which have been awakened and rendered 
more receptive by being brought into relation with distinct 
though ^ unconscious * Visceral Impressions. 

It would seem, indeed, from some observations which 
have been already made, that in many cases of Hemi- 
aniesthesia, the visc^a remain at least' as tender as ever 
under firm pressure upon both sides of the body; and 
this, of course, would indicate that the cerebral channels 
for these impressions do not intermix, in the region of 
the ‘ internal capsule,* with those of other modes of sen- 
sibility. 

And, though their so-called ^ Centres ’ may also be dif- 
ferently situated, it is pretty certain that Visceral Im- 
pressions must cither radiate into, or be brought into 
jitimato connection with, some parts of the province of 
3ach of the Special Senses, since they all so frequently 
interact in the manner already referred to. The inter- 
iction does not, however, only take place in one direction, 
riiere is on the part of the ‘ Sexual Appetite,* as Prof. 
Bain points out, ‘‘ a many-sided susceptibility to inflam- 
mation, through all the senses, through the trains of 
bought, and through emotions that are not sensations.*’ 
To a less extent qa similiftr * inflammability * by means of 
?^sorial impressions also \)btain8 in regard to the ‘ Ap- 
petite for Food.* 
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WILL AND VOLUNTARY MOVEMENTS. 

‘‘ We find in ourselves,” says Locke (1690), ‘‘ a Power to 
begin or forbear, continue or end several Actions of our 
Minds and Motions of our Bodies, barely by a Thought 
or preference of the Mind.” 

Here the scope of that ability, which goes by the name 
of ‘ Will * or ‘ Volition,’ is clearly enough marked out 
by one who may be styled the father of our modern 
Psychology. 

In regard to the second of the spheres above-mentioned 
for the exercise of Will, viz., its influence over ‘'the 
Motions of our Bodies,” Locke ventured upon no details; 
and even at a much later period Hume (1747) was still 
only able to proclaim the complete, and, as he thought, 
hopeless ignorance which reigned thereon. “ The motion 
of our bodies,” he said, ‘‘follows upon the command of 
our Will. Of this we are every moment conscious, but 
the means by which this is effected ; the energy by which 
the Will performs so extraordimary an operation ; of this 
we are so far from being immediately conscibus, that it 
must ever escape our diligent inquiry^’ 

Hartley, in his “ Observations ow Man,” published 
only one year later than Hume’s “ Inquiry,” made, how- 
ever, Bone valuable and very sagacious remarks on the 
causes, modes of acquisition, and mutual relations qf th^ 
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different kinds of Movements which we are capable of 
executing. So just were his observations that they still 
represent the basis of our knowledge on this subject. 

Hartley sought also, though with less success, to make 
a first rough classification of Movements, from the point 
of view of the mental state or process by which they were 
preceded, when he said : — Of the two sorts of Motion, 
viz., Automatic and Voluntary, the first depends upon 
Sensation, the last upon Ideas.*' 

This, even apart from certain necessary qualifications 
which Hartley would have himself assented to, cannot be 
regarded as a very correct generalization. Some auto- 
matic actions, such as those of the Heart, Intestines, and 
other viscera, are due to ‘ unfelt * Impressions which can 
scarcely be called Sensations ; whilst others are incited by 
those * internally initiated * feelings known as Emotions — 
which are more akin to Ideas than to Sensations. Again, 
Ideas are sometimes provocative of automatic movements, 
as when — to name only one of the best instances — a ludi- 
crous Idea impels us to Laughter ; though in multitudes 
of other instances it is perfectly true that Ideas are the 
primary incitors of Voluntary Movements. Between 
these extremes, moreover, numerous insensible grada- 
tions are to be met with : we have movements, for 
hj^tance, that are scarcely^to be termed Automatic, and 
yet which physiologists have also deemed desirable to 
mark off from the category of strictly Voluntary Move- 
ments — as thev have sho«vn by their application to them 
of the epitBet ^decynotor.' 

That actions, whmh are at first Voluntary, tend, after a 
hme, when frequently repeated, to become truly Automatic, 
Hartley was, of course, fully aware. It was he who first 
proposed to class such actions as ‘ Secondary Automatic,’ 
m opposition to those of his ‘ Primary Automatic * category 



650 


WILL AND 


— including under this latter head actions which the in- 
dividual has, from the first, performed automatically. He 
endeavoured to formulate some of the grounds for dis- 
tinguishing Voluntary Actions from those which are, as 
he says, to be esteemed less and less voluntary, semi- 
voluntary, or scarce voluntary at all.'* 

This latter subject was, however, discussed more effec- 
tively, at a later period, by James Mill. It is one of 
considerable importance, since it involves an attempt to 
discover the real nature or elementary constituents of that 
phase of Mind which wo name Volition. On this subject 
James Mill* advances the following opinions : — 

“There appears no circumstance by which the cases called 
voluntary are distinguished from the involuntary, excei)t that in 
the voluntary there exists a Desire. Shedding tears at the hearing 
of a tragic story we do not desire to weep ; laughing at the recital 
of a comic story we do not desire to laugh. But when we elevate 
the arm to ward off a blow, we desire to lift the arm; when we 
turn the head to look at some attractive object, we desire to move 
the head. I believe that no case of voluntary action can be men- 
tioned in which it would not be an appropriate expression to call 
the action ‘ desired,’ ” 

If there is interpolated, therefore, between a Sensation 
or an Idea, and the Movemeijt which it may evoke, a 
feeling of an emotional order, J^nown as DesirCy a move- 
ment which would otherwise have been described as 
‘ Sensory-motor ' or ^ Ideo-motor,' becomes entitled to l)c 
known as a Voluntary Moveme|it.f This is the first and 

* “ Analysis of the Human Mind,” 183(^ p. 2? _ . 

t Hartley’s view was very similar. Vie says: — “The 
appears to be nothing but a desire or aveAjion, sufficiently strong 
to produce an action that is not automatic, primarily or secondarily 

The Will is, therefore, that desire or aversion which i^ j 

strongest for the present time.” Which mental mood is to prevsd i 
is sometimes immediately settled, and, at other times, only ifter a I 
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most important distinction drawn by James Mill. But, 
as the same philosopher afterwards points out, something 
else accompanies or immediately follows the emotion of 
Desire — viz., an Idea or Conception of the kind of Move^ 
ment needed for the gratification of the Desire. 

It seems generally admitted, therefore, by the philo- 
sophers above quoted, as it is by othefs, that the motions 
of our bodies are begun, continued or ended, as Locke 
put it, ‘‘barely by a Thought or preference of the Mind.** 
Impressions, Sensations, Emotions, Thoughts — these are 
the mental states which, singly or in combination, are 
followed by Movements. As to any details pertaining to 
their incitation and actual accomplishment, little or 
nothing more is known with any degree of certainty. 
Writing in 1830,* James Mill said : “ We do not 
undertake to say what physical links are between the 
Idea and the Contraction, any more than between the 
Sensation and Contraction. The Idea is the last part of 
the Mental operation,^' 

If, however, this be really so, if beyond the mental 
states or processes above enumerated, we have in Volun- 
tary Acts mere physical changes in nerve and muscle, as 
Hume and James Mill averred, there is the less reason for 
surprise that some philosophers, such as Dugald Stewart 
J^id Dr. Thomas Brown, gfcould have deliberately omitted 
to discuss ‘ Will * as a distinct section of our Conscious 
Life. To know all our sensitive states or affections,’* the 

process of Delib^ation, and, Concerning this process, Hobbes says : 

The whdle sum of ^esires, aversions, hopes and fears, continued 
till the thing be eithefdone or thought impossible, is what we call 
Deiiieratiou.” . . . “ Appetite, therefore, and aversion are 

simply so-called as long as they follow not deliberation. But if 
deliberation have gone before, then the last act of it, if it be 
fi-ppetite, is called will ; if aversion, unwillmgness,** 

*^occit. II. p. 266. 
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latter says,^ ‘‘ all our intellectual states, all our Emotions, 
is to know all the states or phenomena of the Mind.’* 
The precedence of one or other of these subjective 
phases, or of compound conditions derived therefrom, 
would correspond, as he thought, to what we know as 
‘ Will.* Beyond these subjective phases, we should pass in 
the execution of Voluntary Movements from the sphere of 
psychology into that of physiology pure and simple. 

The distinctness of the Idea or Coriceptioii of the Move- 
ment (which we shall presently find to be of complex 
origin), as one of the Conscious Components of a Voli- 
tion, will be found to vary much with the degree of 
familiarity, or ease of execution, of the Movement. And 
in this latter respect, of course, all gradations exist be- 
tween the simplest kinds of Voluntary Movements and 
those of the most complex order. 

We may, for instance, ‘ voluntarily * perform some move- 
ment which frequent repetition has already made easy, 
but which, for the most part, we now perform * auto- 
matically.’ The fingers of a sleeping child may close 
over an object gently brought into contact with its palm; 
or when awake the child may excitb a similar movement 
voluntarily. An object brought close to the eyes may 
cause a person to wink involunt^ily, but he is also capable 
of performing the same act in a voluntary manner. We 
may lift the arm instinctively to ward off an impending 
blow, or we may raise it in the game manner voluntarily* 
In all such cases the Idea or Conception ofi th» Movement 
needed scarcely obtrudes itself at Ml as a conscious 
element of the ‘ Volition * ; this is a gart of the pro.3ess 
which has here become more or less latent. 

But in the other more complex category of Volurtary 
* “ Philosophy of the Human Mind/* Lect. xvii. 
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Actions, efforts are made to perform some new combina- 
tions of movements, the complicacy of which renders them 
at first very difficult to execute. This is the case, for 
instance, when a child is learning to write, or when a 
youth is learning to dance or to play upon some musical 
instrument. In every such case, some Idea or Concep- 
tion of the kind of Movement needled is to be recog- 
nized as a more or loss distinctly conscious component of 
the ‘Volition ’ in question.’ 

When commencing a Voluntary Movement which we have often 
previously executed, we initiate it with certain pre-determined 
qualities almost intuitively given to it, and yet in the selection of 
which we are evidently guided by past experience and education. 
A simple case will illustrate this. I know that objects having 
certain visual characters have usually given me certain impressions 
of ‘weight^ and ‘resistance’ when I have previously handled 
them ; and, therefore, this previous experience enables me, on seeing 
such an object again and desiring to handle it, to conjure up a 
‘ conception * of the Movement needed, which, though it may be 
very indistinctly realized in Consciousness, enables me, in some 
way, to give the Volitional Act its necessary qualifications. 

This power, partly instinctive and partly a result of individual 
education, has been made the subject of much mystification. 
Some ascribe it to a ‘Iqcomotor instinct,’ pure and simple, and 
thereby ignore the fact that it is a power the manifestation of 
which is greatly regulated by individual education. Some appeal 
with vague gravity to the in^rventicn of what they term * motor 
^tuitions ’ — meaning, thereby, something pertaining to, or having 
their origin in, the Motor Centres about to be called into activity, 
hiit which yet, beforehand, in some way help to determine the 
mode of their ojn activity .% 

* There are, in al»probability, in Motor Centres multitudes of 
different combinaticA of cell-and-fibre connections which have 
been gradually estaWished, and through the agency of which Voli- 
tional Incitations may bo necessarily distributed along certain ‘ out- 
going * fibres, so as to call into activity in definite modes particu- 
lar groups of Musclea. TIktc seems no good reason, however. 
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J ames Mill held, with more show of reason, that what have been 
commonly termed ‘Muscular Sense’ impressions intervene, and come 
into joint operation as determining agents, at a stage immediately 
posterior to the Conception above referred to, and anterior to the 
actual occurrence of the Voluntary Movement. If we substitute 
for these so-called ‘ muscular sense * impressions, our Kinsesthetic 
Impressions,* we may, on such broader terms, adopt this view of 
James Mill as fairly t3rpifying the probabl(^ mode of execution of, 
or rather order of processes involved in, the initiation of Voluntary 
Movements. 

The same parts of the Brain as are called into play for the 
Initiation of any set of Voluntary Movements would probably 
remain in activity during the continuance of such movements, 
though perhaps not exactly in the same relative proportions. Thus 
an * ideal * recall or ‘ conception ’ of the sensory qualities of the 
Movements needed operates as the starting point, enabling the indi- 
vidual, from an already existing and in part instinctive basis, to 
determine how to act and lohat force to employ ; whilst, during the 
continuance of the Movements, he would be also partly iniluenceJ 
by actual ‘ sensations ’ realizing themselves in the same parts of 
the Brain, and telling him how he is acting and what force he is 
employ Yet in the two cases, the relative amount of activity 
of the sensory centres concerned may not be equal. 

Thus, if we suppose the centres specially called into activity as 
guiding centres to be the Visual and the Kinmsthetic, it may be that 
the former has the dominating influence in the production of the 
initial Conception ; whilst, during the c^^ntinuance of the Move- 
ments, impressions impinging upon the Kinoosthetic Centres may, 
in their turn, have a more potent gufding influence. If a person 
should attempt to take from a table ft small bundle of cotton wool 

why any such organizations, or rather the functional activity of 
such organizations, should be spoken of as ‘ motor intuitions,’ or 
why these should be deemed, as Dr. Maudsley saes (“ Physiology 
and Pathology of Mind,” in Chap, on ‘ Moior Centres ’), to con- 
stitute an important motorial region of m«ntal life ” — whatever 
that may mean. Dr. Maudsley ’s views on th\f subject do not seem 
to be very clearly realizable, though his Chapter on ‘Volit-on 
is extremely good and free from all ambiguity, 

♦ See p. 543. 

f See Appendix. 
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into the middle of which, unknown to him, a heavy leaden weight 
had been introduced, his initial determination of the Movement 
deemed to be adequate would need rectification, and in such a case 
it would certainly be rectified in the main at the instigation of 
Kinaesthetic Impressions. 

Hitherto reference has been made to the simpler class of Volun- 
tary Movements — to those in which the movements themselves are 
familiar or easy of execution. But where ^he movements which it 
is desired to execute are complex and difiicult, and we have to learn 
them by imitation of the movements of other persons, the sense 
of Sight is then doubly brougiit into play. It is necessary at the 
commencement, and during the continuance, of our efforts to 
copy such movements, to look alternately at our model and at 
our own moving members. A long time and much practice ie, in 
fact, required before a person learning to dance, or to play upon 
some musical instrument, is able to execute either of these actions 
without the Jvid from moment to moment of guiding Sight impres- 
sions. “In learning to dance,’’ as Hartley says, “the scholar 
desires to look at his feet and legs, in order to judge, by seeing, 
when they are in a proper position. By degrees he learns to judge 
of this by feeling ; but the visible idea left partly by the view of 
his master’s motions, partly by that of his own, seems to be ihe 
chief associated circumstance that introduces the frofer motions'* 
During the process of learning, therefore, the Visual Centre evi- 
dently exercises a dominating infiuence. 

In time, however, the impressions pertaining to the ‘ Sense of 
Movement ’ (which are, qf course, always to some extent associated 
with those of Sight) become, by way of their organized channels, 
sufficiently freely associated*with them and with the newly organ- 
sizing ‘ motor * nerve channelf^and mechanisms, to permit the Move- 
ments we have been practising to be performed under the immediate 
guidance of Kinsesthotic Impressions only — without further neces- 
sity for a conjoint direction through the sense of Sight. As Jaccoud, 
however, poin"^ out (Les^imra'plegies et Vataxie, p. 601) the 
sensorium fequwes Unlearn, in the first instance, what conditions 
8^ud positions of th^cnoving parts are related to such and such 
tactile and other innressions coming from them. And thus it is 
only at the termination of this apprenticeship that it is enabled to 
conclude directly from Kinassthetic Impressions as to the precise 
conditions of the moving parts. This process of education can only 
pr^eed correctly by reason of the comparisons which we are accus- 
h>nied to make fftm moment to moment, between the positions and 
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Diovements of the limbs as revealed to Sight, and the sum total 
of Kinassthetic Impressions simultaneously received from the same 
parts. 

This kind of education being once completed in regard to any par- 
ticular Movements, the knowledge subsequently derivable through 
the Kinaosthetic Centre becomes as real and as capable of passing 
over into appropriate action as that previously coming through 
the Visual Centre. Thereafter its impressiojps alone — even wh(?n 
they very imperfectly, or not at all, rouse our Consciousness of their 
existence — suffice to inform us (that^is, suffice to excite the proper 
Cerebral * centres ’ in ways definitely related to different positions 
and tensions) as to the exact position of our limbs, and as to 
the nature and degree of their Movements. It is by Kinaesthetic 
Impressions that we are afterwards continually instructed as to the 
qualities of the Movements actually produced ; through them we 
know whether to continue with our present mode of action, or 
whether, the better to attain the desired end, the quality of the 
* Volition * should be altered. And if, during the execution of a com- 
plex Movement, any alteration should be desired in respect to one 
of its ‘ volitional ’ qualities — that is, either as regards the strength, 
the rapidity, the direction, or the continuance of one of its com- 
ponent motions, this, “ barely by a Thought or preference of the 
Mind,” can be immediately effected, though the great majority of 
mankind would have no knowledge whatsoever of the nature and 
degree of the individual changes brought about in the actions of 
the different Muscles concerned. 

The mode of acquisition above indicatc^i seems well to accord 
with our other interests and with the daily necessities of our Life. 
The sense of Sight greatly facilitates the process of learning, and 
its vivid impressions speedily enable Ijie ‘ sensorium * to appreciate 
aright the meaning of the more vague and occult impressions 
coming to it simultaneously through the ‘sense of Movement.’ 
Soon, however, the Visual Sense, which we need for so many other 
important purposes, no longer requires^o be con cenkpated merely on 
the performance of Movements. Later stilL our^* atffention ’ or 
Consciousness becomes further freed from (fcturbing details con- 
nected with Movements. The possibly consefcus impressions T>er- 
taining to the ‘ sense of Movement ’ at last habitually pass un- 
heeded, and then we come to perform multitudes of daily actions 
under the g\ .dance of mere ‘ unconscious * Kineesthetic Impressions. 


Thus the working of the ‘ motor * side of our complex nerve^S' 
even when it ia concerned in executftkg the behests oi 
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‘ Will/ proceeds so smoothly, and is practically so much unheeded, 
as to leave us free to follow up the threads of our Conscious Life 
unhindered by the multitudinous details pertaining to the varying 
states of innumerable Muscles acting in ever-changing combina- 
tions. We may truly be thankful that we have not in reality any 
such ‘muscular sense,’ as some psychologists imagine for them- 
selves, and that even in Voluntary Movements the Mind knows 
nothing concerning the Nerves or the Muscles by the intervention 
of which the processes are accomplished. 

From our own individual experience, as well as from 
what has been above set forth, it would appear obvious 
that careful practice alone is needed, in order that pre- 
viously strange, difficult, and complex Movements should 
be capable of being performed with ease ; and that, after 
a time, during the process of learning, first the ‘ Concep- 
tion ’ of the Movements needed, and subsequently the 
Desire which originally prompted to their execution, may 
alike vanish as conscious states by which they are neces- 
sarily preceded. When this latter stage of perfection has 
been achieved, the actions previously * Voluntary,* in the 
strictest sense of the term, become promoted to the 
* Secondary Automatic * category, since the occurrence of a 
Sensation, an Emotion, or an Idea may be immediately, 
and without the intervention of any other conscious state 
whatsoever, succeeded by* one of the complex Movements 
in question. Thus MoveAients, the possibility of perform- 
ing \,rhich has been slowly and with so much difficulty 
acquired by the individual, have now, in fact, become 
almost as eas^for us as mucking, swallowing, coughing, oir 
any other bf tnose ‘primary Automatic * actions, the power 
of performing whiem was born with us — as an inheritance 
from untold geneiftions of human and other ancestors. 

In many cases, indeed, there is good reason for believ- 
ing that the alliance between ‘ Primary Automatic * and 
soijje ^ Seconda^ Automatic * actions is even more funda- 
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mental than has been above indicated. The reasons for 
this opinion must be set forth in detail. 

The Mechanisms for Primary Automatic Movements, 
and their Modes of Origin. 

The nervous conncctipns representative of a certain number of 
Movements which have been commonly performed by the present 
and many past generations of any race of animals exist in an 
organized condition in the Spinal Cord and Medulla of such animals. 
They are represented by the development of certain cell-and-fibre 
connections in the anterior, or what are known as the ‘motor* 
regions of the Grey Matter of these parts — such mechanisms being 
in continuity in front with the roots of ‘ outgoing ’ nerves, and in 
relation behind with groups of smaller nerve cells with which the 
‘ingoing ’ nerves of the posterior roots are, in their turn, in some sort 
of structural relation. It is along these latter channels that the 
sensory Impressions prompting to the Movements of which we 
have been speaking reach the Spinal Cord or Medulla.^* 

Many of the corresponding groups of ‘ motor * Cells, situated at 
the same level in the right and left halves of the Cord and Medulla, 
are intimately connected by transverse ‘ commissural * fibres—in 
fact, wherever joint action of the nerve units on the two sides is 
a matter of common occurrence (fig. 154, o o*). 

Many of the groups of motor cells, at different levels of the 
cord are also connected with one another ii^o single or multiple com- 
binations, by longrltudinal ‘commissural* fibres whoso length varies 
according to the distance apart of the cell groups thus united for 
conjoint activity. These lon^ltudini,! connecting fibres of diff’erent 
lengths, as they pass from cell- group to cell-group, have been 
ascertained (on the basis of clinico-pathological evidence supplied 
by persons suffering from spinal disease) to traverse, in part at 
least, the ‘ posterior columns * of the <?ord. 

Bilateral groups of these cells, existing at variOTs Ifjvels in the 
two ‘ anterior cornua,’ though differing mu<A from one another in 
the number of the units involved and in the ^dth of the area over 
which they are distributed, are conceived to be the Spinal and 
Medullary Nervous Mechanisms needful for the execution of a vast 
multitude of iteffex, or Primary Automatic Movements, also of all 

* See pp. 26, 62. 
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J'lo. 178. — Groups of ColLs in connection with the Anterior Roots of the Spinal 
erves, as seen in a transTerso section through one of the Anterior Cornua in the 
P nal Cord of a Sheep. (Flint after Dean.) A, Emergence of the anterior roots 
of Grey Matter ; 6, 6, b. Cells connected with one another by long. 
* intercellular’ processes, and also with the fibres of the Anterior Roots. 
> of fibres are »Jbn crossing one another in almost every direction. 
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degrees of complexity. It is probably because these several cell- 
and-fibre mechanisms are so perfect in their arrangement, that 
each one of the Movements in question is capable of being evoked 
with machine-like regularity in response to appropriate stimuli 
impinging upon and passing through them.* 

The ‘ mechanisms * for the production of many of such Movements 
may have been originally developed far back in the history of our 
race or of antecedent traces. But others of them — those, for in- 
stance, which are concerned in the acts of Deglutition — however 
much they may have been from time to time modified in detail, 
must have been originally organized in creatures the combination 
of whose vague efforts and desires would scarcely be considered to 
produce anything like what we know as ‘Volition.* In all prob- 
ability such feelings and the power of concentrating Attention, 
which is their indispensable correlative, only gradually attain to 
the degree of precision and intensity of which we, as human beings, 
are conscious. This would probably be conceded by all, and if so 
it must be concluded that the organic nervous bases of many of 
the Primary Automatic Movements of higher animals have had 
their orig*!!!, or have come into being, independently of anything 
like such an agency as that which we know as ‘Volition.* 

Thus, the further back we go in the animal series, the more 
(rague, in all probability, would be the influences prompting to new 
developments of Nerve Tissue which could be ranged under the ‘ Vo- 
litional ’ type, and the more we should be compelled, if we strive to 
learn the causes of such new developments, to fall back upon those 
obscure hut, nevertheless, potent originate te^idencies or condithnis, 
under the influence of which the first rudimentary Nerve Elements 
became developed in the tissues of lolhef Organisms (p. 19). 

This mere organic nisus, or set olt vital conditions, favouring the 
first differentiation of Nervous Tissues, would probably continue to 
act as the most potent influence governing all future phases of 
their development — though it seems evident that such develop- 
mental proclivities, even in the Spinfll Cord, ar^capable of being 
favoured in some mysterious manner by Qerebrm In^uence when 
‘Volition* is strongly exercised — that is wkn a sensorially active 
Brain is dominated ip such ways as to b^productivc of certain 

♦ That Hartley (1748) distinctly realized and foresaw the nature 
of what we now term ‘ Keflex Actions,* seems evident fro”' ** 
sage in his “ Observations on Man,” Prop, xviii. 
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* Desires/ and further influenced in certain correlative tracts by 
that mode or degree of activity which on its subjective side we 
call ‘ Attention/ 

Deferred Primary Automatic Movements. 

Much difference exists among difierent Animals as to the degree 
of perfection at the tim^e of birth of these ijiherited cell* and- fibre 
connections, and, therefore, similar differences exist among such 
Animals, in regard to their ix)w§r at birth of executing the several 
^lovements with which such Nervous Mechanisms arc in relation. 

Thus, in some Birds at the time of their emergence from the 
egg, and in some Quadrupeds at birth, much of the nervous 
mechanisms concerned with Automatic Movements habitually per- 
formed by such creatures, are so far perfected that these animals 
are capable almost at once of performing the most complex Move- 
ments — without in any way requiring to ‘learn’ how to execute 
them. The experiments of D. A. Spalding with Chickens and 
young Piga have revealed interesting facts in illustration of this 
position (see pp. 188, 229). 

Many instances of an opposite character may, however, bo cited 
—cases, that is, in which at the time of emergence from the 
egg, or at the time of birth, other Birds or Mammals are in a much 
less mature state of development, and in which their powers of 
executing complex Movements of a similar order are notably less 
advanced. 

The young of Cauarifis and many other birds, for instance, 
remain for ten days or a fortnight unable to feed themselves or to 
walk, and they may continue ^or nearly twice this time unable to 
lly. But this backwardness in power of executing such Move- 
ments, is obviously only one of the signs or accompaniments of 
tliejr generally backward condition of development. A bird can no 
more fly without the aid of properly developed internal Nervous 
Mechanisms thai^ without wi8g-feathers, and the one set of struc- 
tures are p?obaDly almost as abortive as the other in young 
Canaries and in the yclng of other birds. 

The performance many Movements that are ‘primarily* 
Automatic in the Chick and birds like it, are, therefore, 
deferred in Canaries and their allies till such times as the related 
nervous and other mechanisms have had time to develop. Ground 
is th^ given for the supposition, commonly entertained, that such 

O o 
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creatures have to ' learn ’ how to perform these Movements — which, 
if true, would make it necessary to classify them as ‘secondary* 
rather than ‘ primary ’ Automatic Movements. 

The valuable experiments of Spalding with young Swallows and 
other birds that emerge from .the egg in an immature condition 
have, however, shown that in them the manifestation of ‘ primary* 
Automatic Movements, dependent upon inherited Nervous Mecha- 
nisms, is merely deferred till the time when such developments 
have been achieved — and that then, without any process of ‘ learn- 
ing,’ the Movements are readily capable of being evoked (p. 230). 

The helpless condition of the infant Monkey and of the Human 
Infant at birth are similarly to be ascribed, in great part, to the 
immature condition of their great Nervous Centres at this period. 
Many of the Movements which they slowly ‘ learn * to perform are 
doubtless rendered possible by, and acquired coincidently with, ihe 
•jbctual development of those nerve cells and fibres in the Spiiuil 
Cord and Medulla which are instrumental in the cicecution of such 
Movements. Thus, when we say that the young child ‘ learns ’ to 
perform these movements, it should be understood that this word 
is here applicable only in a very qualified sense. Its vague efibrts 
servo, perhaps, merely as incitations tending to arouse or perfect 
the already existing (because inherited) tendencies to development 
of certain Motor and other Nerve Centres — of mechanisms, that 
is, which in many other creatures have reached their full term of 
development by or almost immediately after birth. 

But for the existence of this organic nisus (in the form of an 
inherited tendency to develop in certain modes and directions) the 
Human Infant could never so readily as it does acquire the ])ower 
of executing the excessively compleii Movements which are con- 
cerned in Standing, in Walking, or in Articulate Speech (see p. fi07). 

Kelations of Voluntary and Automatic Movements. 

The complex movements last referred to being some of the most 
typical of the ‘ secondary * Automatic Movement^ of Hartley, the 
above considerations will suffice to show- thav ma*Ziy of those 
hitherto placed in this category, are butl primary’ Automatic 
Movements, the power of executing whiem- has been somewhat 
deferred. Previously, the guiding influence of Volition has been 
supposed by many to be principally instrumental in enabling the 
child to execute them, whilst here it is contended that their acquisi- 
tion by the individual is much more largely dependent upo^ the 
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gradual development of inherited Nervous Mechanisms — due to the 
successive education of many preceding generations. They are 
clearly not new Movements, acquired afresh by each individual, as 
would be the case, for instance, with those persons who learn to 
swim, to dance, or to play upon any musical instrument. In the 
one set of cases Yolitional Efforts are met more than half way by 
inherited developmental tendencies ; whilst in the other set, and 
ill the case of all new Yolitional Movements acquired by adults, 
the Volitional Influences are aided only by those natural organic 
proclivities to the development of new nervous mechanisms, which 
originally (under the influence of suitable stimuli) led to the pri- 
mary genesis of Nerve Tissues, and which may safely be deemed 
to be still operative in all animals, whether high or low. 


Moo€'i)i€.ntx 
Acquired by the 
Individual. 


1. Volitional. 


II. Secondary 
Automatic. 

(Hartley.) 


Glasaifioation of Movements. 


Where tho Movements them- 
selves arc familiar and easy. 

&. Where the Movements them- 
selves are unfamiliar and 
difficult. 

'a. Movement-s learned by each 
individualfor him.sclf which, 
subsequently, after long 
pi'actice l>ecomo familiar and 
easy of execution. 

•I h. Movements which appear to a.' 
need learning by each indi- 
vidual, merely because their 
nerv(»uH mechanisms are not 
developed at tlio time of 
birth. 

lilovements learned by ante- b. 
cc'iont gcneratit)HH of ani- 
mals, now capable of being 
instinctively performed at 
birth, •wing to inherited 
mechanisms being at this 
time sufilteicntly developed. 


Movements 
Inherited hi/ the 
Individual. 


HI. Primary 

Automatic. 


Volitional acts are, therefore, merely Automatic acts in process 
of ibrmation, first of all for the Individual, and subscquentl}^ it 
may be, for the Race. Where such Movements have been acquired 
or learned for tl^ Race, unless the inherited correlative Nervous 
Mechanisms are develcAed at the time of birth. Volitions may in 
oach Individual again Atervene and act as stimuli during the time 
that such inherited M^jhanisms are undergoing their proper degree 
of development. 

Taking the Spinal and Medullary Motor Mechanisms 
b^ing either developed or in process of development, we 

o 0 2 
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may now turn our attention more particularly to a con- 
sideration of the parts whence, and of the channels 
through which, Cerebral Incitations pass (on their way 
down from cortical grey matter) in Emotional, Ideo-motor, 
or Volitional Movements. 

One part of the route has been pretty clearly ascertained, 
and this may be firs*t referred to. 

From the evidence supplied by disease in the human 
subject, from experiments upon some of the lower animals, 
and from other sources of knowledge, it has been ascer- 
tained that the Corpora Striata are great motor ganglia 
in some way concerned with the execution of Voluntary, 
Emotional, and Ideo-motor Movements. 

Motor stimuli — that is stimuli which are to evoke 
movements — pass, therefore, from certain parts of the 
Cerebral Cortex downwards to the corresponding Corpora 
Striata, These bodies are called into activity in a way 
which cannot bo defined, though from them the motor 
stimuli seem to bo continued and redirected towards the 
‘ motor mechanisms ’ of which we have previously been 
speaking, in the Medulla and Spinal Cord. 

The tracks of these latter stimuli are fairly well known. 
They pass from each Corpus Striatum through the inferior 
layers of the Crus Cerebri, and through the Pons Varoliion 
the same side ; whilst below this bridge they are gathered 
together in the ^ anterior pyramid ' of the Medulla, which, 
after a course of a little more than one inch, decussates in 
part with its fellow — in such a manner that many of the 
fibres of each pyramid pass over into ^he opposite ‘ lateral 
column ' of the Cord,* whilst some coVtinue to descend on 

*Jt would appear, from common phenomena occasioned by disease 
of the great Nerve Centres in Man, that the cerebral channels 
through which limb- movements, at least, are called into activity» 
must undergo such a * decussation.* 
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the same side in the * anterior column.’ The motor fibres 
which decussate and pass downwards in the lateral columns 


of the Spinal Cord 
enter the anterior 
cornua of Grey Mat- 
ter in the cervical, 
the dorsal or the 
lumbar region, ac- 
cording to the situa- 
tion of the groups 
of cells concerned 
with the Movements 
which the particular 
cerebral stimuli tra- 
versing these chan- 
nels are destined to 
evoke. 

The passage of 
Cerebral incitations 
or stimuli through 
one or other of these 
Spinal Mechanisms 
is followed by an 
outpouring of grad- 
uated Molecular 
Movements along 
certain of the fibres 
of the ‘ anterior 
roots ’ with which 
such MechanisiJs 
ave continuous : aid 
these, traversing the 
Motor Nerves at the 



Fig. 179.— Nervo Cell with many hranchca from 
one of the anterior Coniua of a Unman Spinal Cord. 
(Max Schnltze.) a. Unbranched Cell-process passing 
into, or joining the axis cylinder of one of the * ante- 
rior root ’ fibres, the other processes being branched : 
d, an aggregation of pigment-granules on one side of 
the large nucleolatcd nucleus, (x 150 diameters.) 


ratj of about IJl feet per second, speedily excite definite 
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groups of Muscles in definite ways, with the effect of 
producing the desired Movements. 

The mode in which physicians and pathologists have 
acquired this knowledge as to the route followed by 
cerebral stimuli from the Corpora Striata downwards to 
the Muscles, is too intricate and technical to be here dis- 
cussed. We must dontent ourselves for the present with 

the above simple 
statement of facts, 
in addition to the 
following brief ex- 
planation. 

The effects resulting 

from disease of the Cor* 

pora Striata in man, 

whether in the form of 

Softening or Hmmor- 

rhage, demonstrate the 

importance of these 

bodies in relation to 

Voluntary Movements, 

and prove that they have 

t. ,oA .. . ^ • to do with the transniis- 

Fio. ISQ.—lranaverse section of tbe Brain of a . x -u 

Dog slightly in front of the Ojitic Commissnro, SlOn and proper distribu* 

showing tho anterior part of the ‘internal captule/ tioil of ‘volitional ’ inci- 



thoHeoUonof which on either side pn^uc«, Heml- tations. The destructiou 
pleg-ia. (CarviUo and Durct.) S, S, intra-ventncular . . 

nuclei of the Corpus Striatum ; L, extra-ventricular seriOUS damage 01 one 
nucleus of the sjuno ; P, peduncular expansion in- Corpus Striatum hy 
Wlca,«ulo-) : Ch. Optic Commissure; x action produces, among 

of the anterior part of the 'internal capsule, |pro- ^ . 1 . 

ducing Homipleg^ of the opposite side of the body, other r^ults, a COInplc 

1^8 of voluntary power 
over the Limbs on the opposite side of thA body (Hemiplegia)-^ 
though the trunk muscles which are called\j'nto simultaneous ac* 
tivity do not share in this paralysis, for reasons first given by 
Broadbent (p. 480). Each Corpus Striatum transmits, therefore, 
the * volitional * incitations for the Limb-movements of tbe oppo- 


site half of the body; whilst it would appear that either of 
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may transmit incitations capable of calling into action the closely 
united double groups of Spinal Nerve-cells which minister to the 
bilateral movements of the trunk. The case in regard to the 
bilateral movements concerned in Speech will be specially referred 
to in a subsequent chapter. 

The precise mode in which the Corpus Striatum acts 
can only he dimly* conjectured. No* one has expressed 
the kind of view which has been held by many, better or 
more fully than Broadbent, Vhen he says*: — 

“The Corpus Striatum is the motor ganglion for the entire 
C)})posite half of the body. It translates volitions into actions, or 
puts in execution the commands of the Intellect; that is, it 
selects, so to speak, the motor nerve nuclei in the medulla and cord 
appro^Driate for the performance of the desired action, and sends 
down the impulses which sets them in motion. These impulses 
are transmitted through fibres, and the fibres must start from 
cell processes in the corpus striatum. A given movementj therefore, 
must he represented in the Corpus Striatum hy a group or (/roups 
of cells giving off downward processes, which become fibres of the 
motor tract of the cord, 'When the movement is simple, or when 
the co-ordination required can be efiected by the cord as in walking, 
the cell group will be small, and the descending fibres few. When 
the movement is complex and delicate, and guided by vision or by 
the conscious attention, as in writing or drawing, the cell-groups will 
be large and definite, and* the descending fibres numerous. There 
will not be a separate group qf cells for each movement ; but the 
same cells may be differently combined, just as different combina- 
tions of carbon, hydrogen, oxygen, and nitrogen form the basis of 
al^ organic substances. Words which require for their utterance 
the simultaneous co-operation of muscles of the chest, larynx, 
tongue, lips, etc., and the exf|uisite and rapid adjustment of their 
movements concftmed in phonation and articulation, must be repre- 
sented in the Corpus atriatum by very large groups of cells, and 
iiot in that of one sic® only but in both.” 

This view as to the functions of the Corpora Striata in 
regard to Voluntary Movements may be supplemented 

“j^rit. Med. Journal,” April 1, 1876. 
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by the .same writer’s notion as to the functions of the 
Cerebellum in the production of such Movements. The 
respective parts which he is inclined to assign to each of 
these organs will thus he seen. He says : — 

“ The Oerehellum co-ordinates movements guided by vision, or 
combines the general n^ovements of the body rendered necessary by 
special actions ordered by volition. For instance, to illustrate the 
latter function, I wish to strike a blow. I am conscious only of 
the desire to hit the object and hit it hard ; this is the only action 
realized in consciousness. But in order to carry out the intention, 
not only must the fist be clenched and the arm shot out, but the 
feet must be firmly planted, the legs made rigid, the body thrown 
forward, the chest fixed ; and this is what is done for me by the 

Cerebellum We can see that there is no such relation 

between visual impressions as between these and tactile impres- 
sions, and any mechanism, such as that for reflex response to the 
latter, is impossible as regards vision How the Cere- 

bellum is acted upon by the Cerebrum or sensori-motor ganglia, 
and in turn acts upon the cord, we do not yet know/* 

The above notions entertained by Broadbont in regard 
to the functions of the Cerebellum, are, in part, not very 
different from what have been expressed in Chap. xxiv. 
There are, indeed, good grounds for believing that the 
Cerebellum acts in some way at {he instigation of the 
Cerebrum in the production (rf Voluntary Movements 
(see p. 507) ; and in these cases, as already explained, the 
movements are mostly guided by Vision. On the other 
hand, it seems obvious that the Cerebellum also assists in 
the performance of * automatic ’ Movements of the highest 
or most general order, such as migM weft be* conceived 
to fall to the share of a great MotoriGranglion standing 
at the head of, but in intimate relation with, all other 
subordinate motor centres in the Medulla and Cord. 
Being concerned as it is, therefore, both with new and 
with old actions it has an essentially double fuuct^^n } 
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and what wo as yet know of its anatomical connections is 
harmonious enough with this view. 

In what precise way the Cerebellum acts in the per- 
formance of these functions, and more especially those in 
which it co-operates with the Corpora Striata for the execu- 
tion of Voluntary Movements, remains at present wholly 
unknown. Neither, however, can we* do more than con- 
jecture, when we try to realize the mode in which the 
Corpora Striata themselves react under Intellectual Incita- 
tions upon the motor nuclei of the Medulla and Cord. 
How is it that the initiating Idea, the Desire for a related 
‘ end,* and the two-fold Conception of the necessary Move- 
ments, as co-operating stimuli, are enabled to influence 
the Corpora Striata, so as to evoke the Movements in 
question ? The obscurity prevailing in regard to this prob - 
lorn cannot at present bo removed. We possess no real 
knowledge on the subject, and me rely suppose that Intel- 
lect as it passes over into actio n — that is at the turning 
point or ‘ bend of the stream ’ — whilst seeming to engender 
a psychological ghost named ‘Will,* operates by transmit- 
ting suitable stimulations to the Corpora Striata ; and that 
here again, perhaps under conjoint stimulation from the 
Cerebellum, in some manner wholly unknown, other 
sequential molecular actions are roused, as a result of 
which incitations are sejit to and through motor ' nerve- 
nuclei * in the Medulla and Cord, appropriate for the per- 
formance of the desired Movements. 

But anJbthfr final set of questions in regard to the 
execution of Voliitary Movements now remains to be 
considered. Wefhavo pointed out the track taken by 
cerebral incitations in their passage downwards from the 
Corpora Striata, through the Cerebral Peduncles, Medulla, 
Cord, and thence through the anterior roots of Spinal 
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Nerves to the requisite groups of Muscles. The upper 
part of the route still remains, however, to be specified. 
We have to consider whether it is from special parts 
of the surface of the Cerebral Hemispheres — and if so, 
from what parts — the before-mentioned Intellectual Incita- 
tions (which in their subjective embodiment are commonly 
known as ‘ Will ’ or ‘ Volition ’) pass downwards to the 
great Motor Ganglia — the Corpora Striata ? 

Previous to the experiments of Fritsch and Hitzig 
(1870) and of Ferrier (1873) it had been gen emlly believed 
^that physical irritations of the surfaces of the Cerebral 
Hemispheres were not capable of evoking any definite 
Movements. These investigators, however, found that 
some definite Movements were capable of being produced 
by electric irritation ; and that though the Movements 
varied in character they were more or less similar when 
the same limited regions of the surface Grey Matter were, 
on different occasions, stimulated to a like extent. Fritsch 
and Hitzig originally obtained such results principally hy 
making use of weak ‘ voltaic ’ currents ; whilst Fender’s 
subsequent though more extensive observations were made 
with the aid of weak ‘induced' currents. The Movc- 

c 

ments thus produced by the stimulation of certain parts, 
were found, on the other hand, ter be abolished when these 
same parts of the Cerebral Coi<ex had been destroyed— 
that is, such Movements were no longer capable of being 
performed by the animal, either of its own accord or as' a 
sequence of external stimulations ^ 

Some of the principal facts bearing eupon thfs question 
of the excitation or abolition of definitt Movements as a 
result of the stimulation or destruction w definite portions 
of the cortex o^ the Brain in Monkeys * may, perhaps, be 

* The Movements of these animals being most allied to those of 
Man, andtheli- Brains being also most similar^ to his, it \vill| be 
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most briefly set forth by quoting Ferrier’s description of 
some observations made upon an animal, certain parts of 
whose Cerebrum had been previously submitted to electrical 
stimulation, and in whom the initial irritative changes were 
speedily followed by destructive morbid processes, involv- 
ing the same parts of the Cerebral Cortex. 

Ferrier says (‘Functions of the Brain,’ p. 200j: — “The first ex- 
periment I have to record is instructive as showing the respective 
effects of irritation and destruction of the convolutions bounding 
the fissure of Rolando. The right hemisphere of a monkey had 



Fto. 181. — Lateral View of tbo of a Monkey, showing the boundaries of the 
so-called ‘motor area’ of the right Cerebral Hemisphere. (Ferrier.) c, Fissure of 
liolando ; d, the parietal lobule ; c, thi> ascending frontal convolution, 

been exposed and subjected to experimentation with electrical irri- 
tation. The part exposed included the ascending parietal, ascend- 
ing frontal, g.nd (posterior extremities of the frontal convolutions. 
The animal was allowAd to recover, for the purpose of watching 
the effects of exposur^f the brain. Next day the animal was found 

better in the brief space which we can here devote to this subject 
to confine our observations to the results of experiments with 
these particular animals, though many others have been experi- 
mei^d upon by 1^. Ferrier. 
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perfectly well. Towards the close of the day following, on which 
there were signs of inflammatory irritation and suppuration, it 
began to suffer from chronic spasms of the left angle of the mouth 
and left arm, which recurred repeatedly, and rapidly assumed an 
epileptiform character, affecting the whole of the left side of the 
body. Next day left hemiplegia had become established, the angle 
of the mouth drawn to the right, the left cheek-j^ouch flaccid and 
distended with food, ^vhicli had accumulated outside the dental 
arch ; there being almost total paralysis of ttie left arm, and partial 
paralysis of the left leg. On the day following the paralysis of 
motion was complete over the whole of the left side, and continued 
so till death, nine days subsequently. Tactile sensation, as well as 
sight, hearing, smell and taste were retained. On post-mortem 
examination it was found that the exposed convolutions were com- 
pletely softened, but beyond this the rest of the hemisphere and 

the basal ganglia were free from organic injury In this 

we have a clear case, first, of vital irritation producing precisely 
the same effects as the electric current, and then destruction by 
inflammatory softening, resulting in complete paralysis of volun- 
tary motion on the opposite side of the body, without affection of 
seiisatiou,** 

The important observation previously made by Hugh- 
lings Jackson that irritative disease of the correspoiidiiig 
region of the Brain, or of some part of it, in the human 
subject, is specially apt to be associated with a liability to 
unilateral convulsions, complete or partial, of the opposite 
side of the body, was thus verified so far as it could be by 
these experimental observation^ upon the Monkey. There 
is reason for believing, also, that destructive disease of 
the Cerebral Convolutions in this region may lead, in tlie 
human subject, as it did in th% monkey, to a condition 
of complete Hemiplegia. In each* thefefoife, both in 
man and monkey, irritation of certaiA surface regions of 
one of the Cerebral Hemispheres is followed by choreiform 
twitchings or by actual Convulsions on the opposite side 
of the body, whilst destruction of the same parts is fol- 
lowed by an opposite unilateral Paralysis. Irritation ^and 
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destruction of other regions of the surface of the brain in 
Monkeys, were followed by no such excitations or abolitions 
of Movements. 

Details cannot here be given as to the effects produced 
by localized irritations or destructions of limited parts of 
the Convolutions within this ‘ excitable area.’ For these 
the reader is referred to Chap, viiit of Ferrier's work. 
The principal conclusions at which he has arrived may, 
however, be gathered from a careful study of Figs. 182, 183, 



t’lo. 18*2.— Lateral aspect of Monkey’s Brain, showing the relative positions of the 
so-ciillcd ‘ Motor Centres’ in the left Cerebral Hemisphere. (Ferrier.) For references 
sfco Text, and also Fig. 172. * 

in which, as a result of his investigations, the seats of the 
different supposed ^ centres ’ for special Movements are 
iildicated. They are as follows ; — 

(1.) Centres for movemenig of the opposite leg and foot, such as 
are concern^ injocomotion — in postero-parietal lohide. 

(2, 3, 4.) Centres ffr various complex movements of the arms 
and legs, such as am concerned in climbing, swimming, &c. — ^in 
the convolutions hoMidimj the upper extremity of the fissure of 
Rolando. 

(b.) Centres for the extension forwards of the arm and hand, as 
putting forth the hand to touch something in front — in posterior 
of superior frontal convolution. 
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(6.) Centre for the movements of the hand and forearm in which 
the biceps is particularly engaged (viz., supination of the hand and 
flexion of the forearm) — near middle of ascending frontal, opposite 
posterior extremity of middle frontal convolution. 

(7 and 8.) Centres for the elevators and depressors of the angle 
of the mouth — in lower end of ascending frontal convolution, 

(9 and 10), included together in one, is said to be the centre for 
the movements of the lip's and tongue, as in articulation — in 



Fig. 183.— Upper aspect of Monkey’s Braift, 
showing the relative positions of some of the 
so-called ‘Motor Centres,’ in tho left Cerebral 
Hemisphere. (Ferrier.) For references see Text, 
and also Fig. 172. 


posterior extremity of the 
lower or third frontal con- 
volution (‘ Broca’s convolu- 
tion *). 

(11.) Centre for retrac- 
tion of angle of mouth — m 
supra - marginal convolu- 
tioiif near loicer end of 
ascending parietal. 

(12.) Centre for lateral 
movements of the head and 
eyes, with elevation of the 
eyelids and dilatation of 
the pupil (attitude of *^atten- 
tion ’) — in posterior parts 
of upper and rniddle frontal 
convolutions. 

(a, b, c, d.) Centres for 
movements of the hand and 
wrist — in the ascending 
parietal convolution. 

The relative position of 
these supposed ‘ motor cen- 
tres ’ in regard to two of tJic 
most important alleged ‘ sen- 


sory centr^g * is^also sho^vn 
in Fig. 182, in which the circles 13 and 13' indicate what is regarded 
by Ferrier as the Visual Centre {in the supramarginal lobule and 
the angular gyrus), whilst the circles 14, 141ndicate the situatioii 
of the Auditory Centre {in the upper temporal convolution)* ^ 
<H?ntres of Touch, Smell, and Taste are, as we have previous y 
mentioned (pp. 535-540), believed to he located in convolutions on 


the inner asj’ 3ct and tip of the Temporal Lobe. 
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As an example of the kind of evidence upon which 
the above-mentioned localizations in regard to Special 
Movements have been made, one of Fcrrier’s experimental 
observations bearing upon this point may be quoted. 

“The left hemisphere of a monkey was exposed in the region 
of the ascending frontal convolution sufficiently to display the 
centre of bicipital action [fig. 182, 6 ] or supination and flexion of 
the forearm. The exact spot being determined by the application 
of the electrodes, it was then acddrately cauterised, just sufficiently 
to destroy the cortical grey matter. This operation immediately 
manifested itself in paralysis of the power of flexing the right fore- 
arm. All the other movements of the limbs were retained, but 
when the right arm was placed in an extended position the animal 
was utterly powerless to flex it, and the limb hung in a state of 

flaccid extension when the animal was lifted It raised 

things to its mouth with the left hand, the movements of the leg 
were intact, there was no facial paralysis, and cutaneous and other 
forms of sensation were unimpaired.” 


Whether or not the various details, of which brief indi- 
cations only have been given, are destined to be confirmed 
by other investigations, it seems pretty clear (notwith- 
standing all which has been said in an adverse sense) that 
experimental observations on Monkeys, as well as clinico- 
pathological data gathered from the study of the effects of 
disease in Man alike supi^rt the notion that certain ‘ ex- 
citable regions ’ of the Certfbral Cortex exist in each Hemi- 


Rpjiere, the irritation of which produces Choreic or Convul- 
sive Movements of the opposite side of the body, and the 
destruction of which give* rise to Paralysis of correspond- 
hig parts of the bodw. This ‘ excitable area ’ (figs. 172, 
182) comprises thcjconvolutions which border on or are 
J^djacent to the ‘ fissure of Rolando,’ viz., the ascending 


frontal and parietal convolutions, the postero-parietal 
lobule, and the posterior portions of the three tiers of 
froi^al convolutions. 
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It seems safe to infer, therefore, that these portions of 
the Brain are in some way related to the production of 
Movements. The evidence pointing to such a conclusion 
is, indeed, precisely similar in kind to that which leads to 
the inference that the Corpora Striata are concerned with 
the production of Movements. 

It is important,’ moreover, to mention that Burdon 
Sanderson* and others have shown that the same special 
Movements which follow irritation of special limited 
portions of the Cortex may also bo evoked, after removal 
of this cortex, on stimulating corresjiondmg regions of the 
subjacent white substance, or even by stimulating portions 
of the surface of the Corpora Striata themselves. 

It may therefore be regarded as fairly well-established 
that the groat majority of stimuli for the incitation of 
Movements of the Voluntary and ideo-motor types pass 
off from the regions above specified of the parieto-froiital 
Grey Matter ; that they traverse the intervening ‘ wliito 
substance ’ to reach the Corpus Striatum of the same side, 
thence to pursue the course already indicated through the 
Cerebral Peduncle, the half of the Pons and Medulla, to 
the opposite half of the Spinal Cord — from whose anterior 
horns of Grey Matter the continuations of such cerebral 
stimuli pass away by the ‘ anterior roots ^ and ‘ motor 
nerves ’ to appropriate groups of Muscles. 

So that if, since David Hume’s time, we still have 
not learned, in any full sense of the term, ‘‘ the means” 
by which '^the motion of our 4)odies follows upon the 
command of our Will,” we have at Icas^ leamed^something 
as to the parts chiefly concerned, and mus as to the paths 
traversed by Volitional Stimuli. And Ibis constitutes an 
important advance in our knowledge of the mode of 
of the Brain as an Organ of Mind. 

* “ Proceed, of Royal Society,” June, 1874, 
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The next question that arises is as to the most correct 
interpretation of the newly discovered facts. What are 
the functions or modes of activity of these portions of the 
Cerebral Cortex whence the stimuli emanate which are to 
excite special Voluntary Movements ? 

Various answers have been given in reply fco this ques- 
tion. We have (a) the hypothesis of Ferrier, that the 
results depend upon the existence of ‘ motor centres ’ for 
Volitional Movements in th^ cerebral convolutions ; (b) the 
hypothesis of Schiff, that the Movements of the limbs 
resulting from stimulation of the cortical ‘ centres ’ are of a 
‘ reflex * nature, and that the affection of Motility depen- 
dent upon the destruction of the same parts is essentially 
an ‘ ataxy ’ resulting from loss of Tactile Sensibility ; and 
(c) the hypothesis of Hitzig and Nothnagcl, that the convo- 
lutional areas in question are either the ^ muscular sense ’ 
centres, or parts traversed by ‘ muscular sense * impressions. 

(^7.) The hypothesis of lAu-rier is so important in itself, 
has been so ably advocated by him, and already numbers 
so many adherents, as to make it desirable that we should 
examine his views pretty closely. 

The following passages have seemed to the writer to 
embody the most impeftrtant statements and views adduced 
hy Ferrier in his work, on “ The Functions of the 
Brain,” in support of his ^position that ‘ motor centres * 
exist in the Cerebral Convolutions.^ 

(1.) “ The entire removal of the [cerebral] hemispheres operates 
differently in di|Gerent classes. In the fish, the frog, and the 
pigeon the rdlnoval of tlie hemispheres exercises little or no appre- 
ciable efiect on the facAties of station and locomotion. Under the 
influence of stimulaticjl from without, these animals swim, jump, 

^ The passages have been arranged in paragraphs and num- 
l>cred, merely for the purpose of facilitating reference to the various 
statements contained therein. 

# 


P P 
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or lly with as much vigour and precision as before. In the rabbit 
the removal of the hemi8X)heres, while decidedly impairing the 
motility of the fore limbs, does not quite destroy the power of 
station, or of co-ordinated progression in answer to external stimuli. 

In the dog, however, the removal of the hemispheres 

exercises a much more marked influence on these powers, rendering 
station and locomotion absolutely impossible” (p. 207). 

(2.) “ In proportion, however, as movements at first requiring voli- 
tional education tend to become organized or rendered automatic, 
the less are they affected by injury to the cortical centres. Hence 
in the dog, in which the acquisition of the control of the limbs is 
speedy, the destruction of the cortical centres 2)roJuces a much less 
marked effect; the movements having become in a great measure 
independent of these, through organization in the subordinate 
centres ” (p. 213). ” In the oi)tic thalamus and the corpus stria- 

tum the association between certain impressions and certain 
actions becomes so mechanical or organized that if we were to 
remove from the dog all the centres above the basal ganglia, these 
would of themselves, on the aj^iflication of external stimuli, bo 
sufficient to carry out all the co-ordinated movements of locomo- 
tion” (p. 214). 

(3.) “The more the control of the limbs depends in the first 
instance, and continues to be dependent on voluntary acquisitioji, 
the more does destruction of the cortical motor centres cause 
paralysis of movement. Hence in man and the monkey, in whom 
volition is predominant and autoraaticity jdays only a subordinate 
part in the motor activities, destruction the motor centres of the 
cortex causes i)araly8is of a very mai'kcd character ” (p. 213). 

• 

The facts cited in paragrapli«(l) arc important, unques- 
tionably true, and in part well known. They merely tend 
to show, that in higher forms of life the Cerebral Henii* 
spheres with the Corpora Striata gradually take on some 
of the functions which in lower animals nave* been dis- 
charged through the intermediation! of Medullary and 
Spinal Centres. The Cerebral Henlspheres in higher 
animals come to exercise, therefore, a larger proportionate 
share of influence in the execution even of the common 
movements needed for Locomotion. 
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The statements made in paragraphs (2) and (3), though 
they may be perfectly true, lend no special support to the 
doctrine of Hughlings Jackson and of Ferrier. They are 
equally or even more in accord with the views expressed in 
this chapter. The damage or removal of parts of the Brain 
concerned to a largo extent with the Intellectual direction 
of Movements, of parts which are acchstomed in the most 
direct manner to call into activity the Corpora Striata (the 
great motor ganglia of the Hemispheres), would necessarily 
interfere with the performance of each of such Movements 
precisely in proportion to the need for intellectual guidance 
in order to ensure its execution. The destruction of such 
cortical areas, in fact, puts the Corpora Striata themselves 
out of court, for the execution of all Movements except 
those which are at once simple and ‘ automatic.* Hence 
it is that the facts above cited lend no exclusive support 
whatever to the notion that ‘ motor centres * exist in the 
Cerebral Convolutions. 

In the following paragraphs Ferrier sets forth certain 
developments or corollaries from his doctrine. 

(4.) “ The dog from which the cortical motor centres alone have 
been removed is, howeves, in a very different position. It retains 
its sensory centres, and is a conscious sentient animal, and is 
capable of ideation and emof^on. It is not merely a mechanism, 
the activity of which is dependent purely on external stimulation, 
hut has within itself the springs of action in the mediate form of 
ij^vived or ideal impressions, and is thus capable of spontaneous 
action. As, however, the revived impressions occupy the same 
place, or coincid^with the plfysiological activity of the same parts 
as are engaged in th« consciousness of present impressions, the 
revived impressions cA throw the automatic apparatus of move- 
Kient into action just Is well as immediate or present impressions” 
(p. 214). 

(5.) “ In the dog deprived of its cortical centres the path from 
impression to action is not, as in the ordinary course of volition, 
through the cortical motor centres to the Corpus Striatum, and 

p p 2 
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thence downwards to the motor nuclei and motor nerves, hut 
through the basal ganglia directly ” (p. 215 ). 

The suggestion here made that the ‘ way out * from the 
cerebral cortex is different in the case of Voluntary from 
what it is in Ideo-motor Movements has never been 
proved, and is directly contra-indicated by all that we 
know concerning Speech and its defects. The few difficult 
phenomena to be explained in reference to Emotion as an 
instigator, in cases where Speech is otherwise lost, does not 
warrant the statement above made that in Ideo-motor and 
Emotional Acts generally the ‘ way out ^ is ^ through the 
basal ganglia directly.'* This statement is, to say the 
least, hypothetical and vague ; nor is it correct to say that 
revived impressions “ can throw the automatic apparatus 
of movement into action just as well as immediate or 
present impressions.” They are proverbially weaker, and, 
therefore, less potent incitors of Movement. And, unless 
the supposition that there is a distinct way out for Ideo- 
motor and Emotional Stimuli is better founded than it 
appears to be, they could not act at all in the case sup- 
posed. Dr, Ferrier must either make all these points 
much clearer, or else he must give up the attempt to 
explain a fact so damaging to his hypothesis as that of 
the recovery of motor power in fhe dog after the removiil 
of what he regards as its “Voluntary motor centres.’' 
The close relationship existing between the Voluntary and 
Ideo-motor modes of stimulation to Movement, does hot 
seem to have been adequately ap^)reciated l^y Ferrier. 

Again, he says : — 

(6.) “A dog, therefore, deprived of its cortVj»al motor centres may 
yet be capable of spontaneous action and co-ordinated locomotion, 
under the iuiluence of present or past impressions, or of emotional 
states. Only such movements, however, will be excited as have 
been automatically organized in the corpora striata. The 
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incnts of locomotion having become automatic may thus be easily 
effected, and the dog may be able to walk with as much apparent 
steadiness as before.” 

(7.) “The Corpus Striatum is the centre in which movements 
primarily dependent on Volition proper tend to become organized ” 
.(p. 214). 

(8.) “ It may be confidently asserted, and perhaps it may be one 
day resolved by experfment, that any special tricks of movement 
which a dog may have learnt would be as effectually paralyzed by 
removal of the cortical centres ‘as the varied and complex move- 
ments of the arm and hand of the monkey by the same lesion.’ 
Such forms of activity “ as are not habitual, and have not become 
automatic, would be rendered impossible” (p. 215). 

There are good reasons for believing, that no such defi- 
nite distinctions exist between Voluntary and Automatic 
Movements as are postulated by Ferrier. It seems not 
only unnecessary but altogether unphilosophical to look 
for the nervous ‘ organizations * pertaining to Voluntary 
Movements in centres altogether apart from those in which 
Automatic Movements are ‘organized.’ The Voluntary 
Movements of one set of generations tend to become the 
Automatic Movements of remote progeny in subsequent 
generations. In the intervening periods less and less will 
depend upon higher Cerebral Influence — or, in other words, 
upon Intellectual guidance. 

Ferrier* seems to us tgo start with a fundamental mis- 
conception in supposing, in reference to Cortical Centres, 
that those “ immediately concerned in effecting volitional 
movements” are “ as si^h truly motor” ; or that because 
Voluntarjf Mi^em^ts are paralyzed after the destruction 
of these parts, wot have in this fact evidence to show that 
they are “ motor cfntres.” If ‘ Will ’ or Volitional Stimuli 
ftve not altogether independent and self-begotten entities — 
and this Dr. Ferrier is far from believing — they can only 


* Loc. cit. p. 200, 
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be regarded as taking origin from the organic scats of 
Perceptive and Intellectual Actions. As Spinoza pointed 
out over two centuries ago, The Will and the Intelligence 
are one and the same thing ” — viewed, however, from a 
slightly different aspect. 

t 

(b.) According to Schiff and others, the parts deemed 
‘ motor centres ’ by Fcrrier ore rather to be regarded as 
centres of Touch. The movements of the limbs which 
result from stimulation of these centres, they consider as 
of a ‘ reflex ’ nature ; whilst the aflbetion of Motility re- 
sulting from their destruction is supposed to be of an 
‘ ataxic ’ order and occasioned by loss of Tactile Sensi- 
bility. 

Against this explanation, there is the fact that injury to 
such regions of the surface of the Brain do not appear to 
cause, either in the lower animals or in Man, any distinct 
impairment of the sense of Touch ; neither does it appear 
to be true, as was formerly believed, that mere loss of Tactile 
Sensibility, even if it did exist, would of itself cause 
either ataxic or paralytic symptoms. The evidence fur- 
nished by persons suffering from complete Hemi-anaesthesia, 
as well as that occasionally suppjied by persons suffering 
from some forms of ■ locomotor ataxy,' seems to show that 
loss of Tactile Sensibility alone causes no appreciable 
interference with the Movements of the affected parts. 
This is the opinion of Charcot, of Broadbent, and others, 
and it is entirely confirmed by the writer's Gwi^ examina- 
tion of the celebrated Hemi-anrestheticI of ‘ la Salpetriere ’ 
when visiting Prof. Charcot’s wards li^,it autumn.* The 
evidence that formerly seemed to support the opposite 
opinion, and with which Ferrier appears to have been still 

* For an account of these patients see “ Brit. Med. Journal. 
Oct. 12, 187 j. See also Ziemssen’s “ Cyclopiedifi,’’ vol. xiii. p. 
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impressed at the time of the publication of his work, is 
unquestionably defective, and stands in need of revision. 

{c.) According to Hitzig, and also to Nothnagel, the 
affection of Motility resulting from the destruction of the 
cortical regions in question is due to a paralysis of the 
animal’s ‘ muscular sense.’ Nothnagel thinks the fact of 
the recovery of Movement after a time in dogs proves that 
the centre of the ‘ musculaV sense ’ is not itself destroyed, 
hut that the destruction of the particular regions of the 
cortex has sufficed to interrupt, for a time, and not far 
from their termini, the paths for such ingoing impressions. 
Hitzig, on the other hand, seems more inclined to believe 
that the centre itself (* End-station *) for impressions of the 
* muscular sense ’ or ‘ muscle-consciousness ’ is destroyed 
by the experimental lesions. Or, if this he not the case, 
ho, like Nothnagel, is disposed to believe that the afferent 
path from muscle to ^ mind ’ is in some way interrupted. 
Both these investigators, in further support of their 
notion, say that the condition of the animal, in regard 
to Motility, is somewhat similar to that of a Man who is 
suffering from the disease known as ‘ locomotor ataxy.’ 

Ferrier, in opposition to this view, contends that loss 
of the muscular sense viithout any affection of the other 
forms of common or tactile sensibility is a condition the 
existence of which is purely hypothetical.” He further 
considers that no investigations bearing upon the subject 
have furnished the slightest evidence of impairment or 
loss of Tou(m or Common Sensibility when his so-called 
‘ motor centres ’ Imve been destroyed : hence he infers that 
the ^ muscular sfnse ’ has also remained unimpaired (see 
p. 69). The affection of motility met with after destruction 
of the so-called ‘ motor centres,’ he says, — ‘‘ only resembles 
ataxia in the case of the cat, dog, &c. ; but in man and 
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the monkey the resemblance fails, for in these there is 
complete motor paralysis, with distinct retention of the 
pristine sensibility to the various forms of cutaneous 
stimulations. The argument from mere resemblance is 
thus seen to fail when a wider comparison of instances is 
made. But, further, it has been shown that the condition 
which may with truth be described as loss of muscular 
sense or of muscle-consciousness is dependent on lesion 
of a totally different part of thfe brain, viz,, the hippocam- 
pal region, or centre of tactile consciousness.”* 

These objections of Fcrrier to the views of Nothnagel 
and Hitzig do not seem to us to have nearly as much 
cogency as he supposes. Our knowledge in regard to 
several of the points touched upon by him is far from 
complete, but the evidence at present in our possession may 
be interpreted quite differently. Thus, the observations of 
Landry, as well as the case of Demaux t when contrasted 
with that of ordinary hemi-anmsthetic patients, make it 
probable that unconscious ‘ muscular sense ’ impressions, 
in the restricted sense of that term, have a distinct exist- 
ence, and probably a cerebral ‘ locus ^ of their own, quite 
apart from Tactile Impressions, whatever may be the region 
of the Cortex to which the latter are” specially distributed. 
The paths for these two classes of Impressions, viz,, those 
from Muscles and those fromf Skin, seem to be topo- 
graphically distinct in the Spinal Cord ; they are probably 
more or less contiguous in the Cerebral Peduncles ; whilst 
they may subsequently diverge Jigain and go to diff’ereiit, 
though functionally related. Cerebral ConvOTutibns, rather 
than to the same cerebral region as Farrier seems to sup- 
pose {see p. 644). f 

The Cerebral Cortex is, in our view, to be regarded as a 
continuous aggregation of interlaced ‘ centres,* towards which 
* Loc. cit. p. 218. t See Appendix, p. 700. ^ 
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ingoing Impressions of all kinds converge from various 
parts of the body : here they come into relation with one 
another in various ways, and conjointly give rise to nerve 
actions, which have for their subjective correlatives all the 
Sensations and Perceptions, all the Intellectual, and all 
the Emotional Processes which the individual is capable of 
experiencing. Erom these terminal and complexly related 
‘ end-stations ’ for ingoing currents, and from certain 
annexes in connection therewith, outgoing currents issue, 
which rouse in definite ways the activity of the highest 
‘ motor centres ’ (the Corpora Striata and Cerebellum), 
and through them evoke the properly adjusted activity of 
lower motor combinations, so as to give rise to any Move- 
ments that are ‘ desired,’ or which are accustomed to 
appear in response to particular Sensations or Ideas. 

The plan on which Nerve Centres generally are con- 
structed, of whatsoever grade, makes it essential that the 
stimulus which awakens the activity of a ‘ motor ’ ganglion 
or centre shall come to it through connecting fibres from 
a ‘ sensory ’ ganglion, centre, or knot of cells — that is, 
from cells which stand in immediate relation with ingoing 
fibres (see p. 26). 

If we turn to the very simple nervous system of a Slug 
(fig. 27) we find two upper Sensory Ganglia, connected by 
distinct * commissures ’ witti two conjoined Motor Ganglia. 
It can scarcely be doubted that stimuli (as sequences of 
fhe nervous processes concerned with Sensations) are accus- 
tomed to pass from thesetSensory Ganglia along the ‘com- 
missural ’ ^bi*s uniting them with the Motor Ganglia, and 
that, in accordancefwith their different origins or starting- 
points, these stiiauli may cause the latter Ganglia to 
evoke distinctive muscular contractions in various parts of 
the body. Could we galvanize separately the several sensory 
ends of these ‘ internunciar fibres we should doubtless 
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evoke similar Movements. But would such facts entitle 
us to infer that these Sensory Ganglia contain ^ motor’ 
Centres ? Assuredly not : no more than we should 
be entitled to call the ‘ sensory cells ’ on the ingoing side 
of a simple mechanism for some Reflex Action ‘ motor 
cells,’ simply because a stimulus issues from them which 
ultimately evokes the Movement — that is, after it has 
passed through other nerve elements which, by common 
consent, are regarded as ‘ motor cells.’ 

The nervous fibres that extend from the Cerebral 
Cortex, in higher animals and in Man, down to the 
Corpora Striata are, in their nature, strictly comparable 
with the fibres connecting the ‘ sensory ’ and the ‘ motor’ 
Cells in an ordinary nervous mechanism for Reflex 
Action. Such currents from ^ sensory ’ cells may pass in 
the same horizontal plane, they may have to ascend, or, 
as frequently happens, they may descend to ‘ motor ’ cells 
situated at a lower level.* 

The Corpora Striata, conjointly with the Cerebellum, 
are doubtless specially called into activity by the Cere- 
bral Cortex, in ways which are most important though 
they cannot be precisely defined. ^ These organs, as we 

* On account of the variability of this relation, therefore, such 
nerve fibres cannot be considered to fte invariiibly in relation either 
with ‘ ingoing ’ or with ‘outgoing ’ currents. We may distinguish 
them by the name of ‘ internnneial fibres,’ with the understanding 
that in different parts of the Nervous System curre^s are trans- 
mitted along them in an ascending, a horizontal, or in a descending 
direction. Still, as the stimuli emanating fj^m ^tho Sensory 
Centres and their annexes in the Cerebraf (Cortex, at once taVe » 
downward direction to the Corpora Striatjitit will be most con- 
venient in this case, to speak of the origin ci^ ‘ outgoing * cur» ents 
as being from the Cerebral Cortex itself^ and to regard cerfi of 
its Centres as odenpying what has been aptly termed the ‘ bind oi 
the stream * — that is the regions where ‘ ingoing * currents end or 
give place t(» * outgoing ’ currents. 
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contend, are the great motor ganglia through which cortical 
stimuli resulting from so-called ‘ Volitional ’ or Intellec- 
tual guidance operate. If, indeed, what has been set 
forth in this chapter gives anything like a true account of 
the relations existing between Voluntary and Automatic 
Movements, not another word need here be said against 
the general point o'f view upon which Hughlings Jackson 
and Ferrier rest their hypothesis as to the existence of 
‘motor centres’ in the Cerebral Cortex, nor against the 
view that the mechanisms for Voluntary Movements are 
‘ organized * in regions altogether apart from those con- 
cerned with the execution of Automatic Movements. 

What has been said in the earlier parts of this chapter 
in reference to the origin and nature of ‘ Volitional ’ 
stimuli, together with what has been stated above, make 
it possible to explain the results of irritation and de- 
struction of certain fronto-parietal areas of Grey Matter 
and of the white matter intervening between them and 
the Corpora Striata, without in the least countenancing 
the supposition that ‘ motor centres ’ exist in the Cerebral 
Convolutions.* 

The Centres in question are rather ‘sensory’ in nature, 
and are probably intimately concerned with certain groups 
of Kinmsthetic Impressions — whatever other functions 
they may subserve, or w!th whatever other centres they 
»tiay be ig intimate relation. We have, indeed, seen 

* We have here, in fact, Jbo do with a misconception very simi- 
lar in kind# to ®hat which previously led Foville and others to 
regard the Cerebellurl as a Sensory Organ (p. 504) simply because 
‘ intemuncial fibres * gnter it from various sensory nuclei or ganglia. 
To argue that groupf of f^ells have motor functions, merely because 
stimuli issuing from them evoke movements when they impinge 
upon motor ganglia, is quite on a par with the argument that an 
organ has sensory functions because fibres come to it from sensory 
celjf!. 
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reason for believing that the Kinaesthetic must ho in tlie 
closest functional relationship both with the Visual and 
with the Auditory Centres. From one or more (but per- 
haps ndore especially from the first) of these inter-related 
Perceptive Centres or their annexes, ‘ internuncial fibres’ 
issue, by which they are brought into functional relations 
with the great underlying motor g5,nglia — the Corpora 
Striata. 

Stimulation of certain sets of such ‘ internuncial fibres ’ 
should produce special Choreic or Convulsive Movements; 
destruction of them should produce Paralysis ; and, look- 
ing to the direction in which they transmit their stimuli, 
analogy would lead us to infer that the severance of 
their connections with cortical nerve-cells might lead to 
small bands or tracts of ^ descending degenerations ’ be- 
tween the seats of such severance and the corresponding 
Corpus Striatum — yet these are the results the occurrence 
of which is so confidently relied on by some in support 
of the ^ motor ’ functions of such portions of the Cerebral 
Cortex. 
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After the first ‘ Sensation * nothing strictly answering to 
this term exists. We only consciously realize any impres- 
sion, as of such and such a nature, by automatic com- 
parison of it with other impressions which have gone 
before it. A simple ‘ Sensation * can, in fact, scarcely 
exist in consciousness, nor can it he imagined by us in 
our present phase of mental evolution. Our so-called 
* Sensations ’ are really Perceptions. In one and the same 
act or state each of them embodies Feeling and Intelli- 
{^ence^in indissoluble connection. 

A seat of ‘ simple ’ or ‘ brute ’ Sensation is, therefore, 
not to be looked for. The scats of conscious sensibility in 
the only intelligible phase in which such states can exist 
for us are centres for Perception*. 

As the act of Perception involves the automatic com- 
parison of present imih'essions with revived past impres- 
sions of the same kind, well as of some or all other 
kinds of impressions capable of being yielded by the 
Object perceived, it happens that even in the simplest so- 
called ‘ Sensation ’ the conjoint activity is necessitated of 
^0 one limited tract of^^onvolutional grey matter — ^but 
rather of* witely ^xtended cell-and-fibre mechanisms 
corresponding, it nJly bo, with many more or less diflused 
Q-nd complexly related Perceptive Centres (p. 522). 

Seeing that each Perceptive Centre forms the basis or 
starting point of different processes of Ideation, and, 
See pp. 176, 624, and “ Nature,** Jan. 20, 1870, p. 309. 
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therefore, of Thought, and that the several centres must 
have the same kind of relation to Emotion, we may find 
therein additional reason for the belief that the different 
Perceptive Centres are diffuse in seat, and that widely 
separated parts of the Cerebral Hemispheres arc probably 
knitted together for simultaneous action even in the 
simplest sensory Perception — containing, as this process 
does, the germs of Thought and Emotion, to say nothing 
of ‘ Volition And although these diffuse, but func- 
tionally unified, nervous networks may differ much from 
ordinary ‘ Centres * (owing to their assumed lack of topo- 
graphical distinctness and exclusiveness), it is still con- 
venient to be able to refer to such networks as ‘ Centres.’ 

But in addition to the complex perceptive mechanisms 
in relation with the ‘five senses,’ there are also other Cere- 
bral Centres for ingoing impressions, some of which are, 
when in action, habitually attended by more or less of 
Consciousness, whilst others are as constantly devoid of 
any such accompaniment. Yet all these ‘ Centres — quite 
irrespective of the degree of vividness of tho subjective 
accompaniments dependent upon their activity — are pro- 
bably situated in some portions of the Cerebral Cortex, t 

« 

* See Dr. Lombard, “ On the effect of Intellectual and Emo- 
tional Activity on the Temperaturq of the Head,” in “ Proceed, ot 
Royal Society,” 1878, p. 462. 

f Among these a ‘ sense of Space ’ Centre ought, j^erhaps, to l*c 
included, the activity of which would, however, be of less import- 
ance for Man than for many of the*lower aninmls (pp. 2 14-2 H’)- 
The instinctive and untaught migrations of ^loung ilirdfe may depend 
much upon the automatic activity of this Ceii^Te, and are phenomena 
of the same order as the instinctive fear olthe young Turkey on 
hearing the cry of the Hawk (p. 189), or the instinctive apprecia- 
tion of food and, distance which enables the young Chick to s^.ap at 
and capture a Bee (p. 188). In all these cases we have to do with 
automatic Perceptions, as well as with Automatic Movements.^ 



Chap. XXVIL] CEREBRAL MENTAL SUBSTRATA. 


591 


There are, in the first place, termini for the important 
class of Yisceral Impressions which, so far as they aro 
connected with the animaFs ‘ life of relation,’ are divisible 
into two main categories — the Alimentary and the Genital. 
The parts of the Visceral Centre appertaining to these 
sets of impressions are the cerebral foci in relation with 
two all-powerful ‘ appetites*. They nrtist, each of them, be 
in intimate connection with the special Perceptive Centres, 
whose activity is conjointly roused during the times of 
recurrence and active manifestation of the various Instincts 
of lower animals, as well as during the various phases of 
human passion and action which are immediately or re- 
motely connected with such Visceral Impressions. 

Differing altogether from the foregoing Impressions, 
both ‘special* and ‘visceral* (though their related physical 
mechanisms may be inextricably intermixed), we have 
another great class of Impressions — viz., those of Kin- 
sesthesis. Here wo are not concerned, except indirectly, 
with impressions made upon the external or internal 
surfaces of the Organism. Such impressions evoke Move- 
ments, and these in their turn occasion various ingoing im- 
pressions. Some of these latter Kimnsthetic Impressions 
(such as those occasiofted by the contractions of the Heart 
and of the Alimentary Ganal) give rise in the healthy 
Immaii being to no recogivzablc phase of Consciousness : 
it is even doubtful whether some of them ever reach 
til® Cerebrum. Other of these impressions, however — 
especially in cases whejge Muscles are called into play 
voluntarily*in %nac^stomed actions, and where the Move- 
inents produced afject large Joints or tracts of Skin — 
J^ive rise to more of less distinct states of Consciousness, 
and thus place it beyond all reasonable doubt that such 
inipressions reach the Kiiiaesthetic Centres ^n the cortex 
of the Hemispheres. 
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It is of importance to remember, concerning this last 
Sense-endowment, that part of its impressions are dis- 
tinctly Tactile in nature, and as such are probably realiz- 
able, or have their organic scats, in portions of the 
Tactile Centre ; and tliat those of them which are least 
attended by Consciousness are probably the impressions 
emanating from the Muscles themselves. These last 
components of the many-sided Kiiijesthetic Sense corre- 
spond, in the main, with what has been erroneously 
termed ‘ muscular consciousness,’ or with the ‘ muscular 
sense ’ in the most limited acceptation in which this latter 
term has been used. 

The occurrence of Movement is for the Kina3sthetic 
Sense, what the presentation of an object is to tlio 
Visual Sense ; and the inability to cognize the impres- 
sions occasioned by Movement (either those that are 
conscious, those that are unconscious, or both) which is 
sometimes produced by certain morbid conditions^ is a 
defect of the Kinassthetic Sense altogether analogous to 
‘blindness’ in relation to the Sense of Vision. To speak 
therefore, as Ferrier does,* of this sequence of Movement 
and the Sensations thereby induced, as a “ sensori-motor 
association,” is altogether to mis^s and invert the real 
significance of the phenomena t^ which he refers. 

The impressions coming froi:^ every one of the ‘ special* 
Sense Organs are, in part, dependent for their various 
combinations upon the Movements of such organs, ioul 
for this, as well as for other reasons subsequently to be 
referred to, the connections existing betwien the several 
‘ perceptive centres ’ for such impressidps (especially those 
of Touch and Sight), and the Kinaes^hetic Centre must 
be peculiarly intimate and complex. 

Each ‘Bj)ecfal’ Perceptive Centre and also the ‘visceral 
* Loc. cit. p. 268. 
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Centro may, at times, and according to the nature of the 
stimulus, form the starting point both in ^sensori-motor' 
and in ‘ideo-motor' Acts, whence outgoing stimuli issue 
to rouse the Motor Centres. But whether these im- 
jiulses pass off from such ‘special’ or ‘visceral’ Centres 
directly, or whether (without our consciousness) they pass 
from them to, and then off from, some parts of the Kin- 
a 3 sthetic Centres must be considered to remain, for the 
present, very uncertain. * 

On other occasions, either of the ‘ special ’ Perceptive 
Centres may receive impressions which form the initial 
starting points of currents ending in Voluntary Acts ; 
though the immediate execution of the Movement thus 
prompted may, in the case of the majority of limb-move- 
ments, be dependent upon the secondarily excited guidance 
of co-active Visual and Kiinesthetic Centres — ;just as in 
the case of the complex movements concerned in Articu- 
late Speech, the immediate execution of such movements 
is dependent upon the regulative activity of the combined 
Auditory and Kinmsthetic Centres.* 

Owing to the great preponderance of movements of the 
right arm and hand, as compared with those on the left side, 
the Kinmsthetic Centre of the left Cerebral Hemisphere 
^Y0uld be much better de\^loped, in the great majority of 
persons, than that of the right Hemisphere. The impres- 
sions of the Kiinesthetic Sense are, in this respect, pre- 
cisely like those of Touch — and these two kinds of sensory 
endowments, as we havfl> seen, merge into one another 
impercej)tib?y a»to make it, in part, impossible to 
separate their Cerelf al Centres from one another. 

This preponderating activity of the left Cerebral Hemi- 
sphere in regard to Tactile and Kinie s the ti<^ Impressions 
(about which there is no room for doubt) may have some- 
* See p. 655, and Chap. xxix. 
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thing to do with another fact, viz., that tho left Hemi- 
sphere is the most potent, and seems to take the lead in 
giving rise to the Voluntary Impulsions which determine 
the muscular acts involved in Articulate Speech.* 

In regard to our ^ ideas ’ of Words — the symbols witli 
which our Thouglits are inextricably interwoven — these 
are, for the most part, complex, the components (as in 
the case of simple Perceptions) being dependent upon the 
activity of difierent Centres — which need not always act 
together — and in their order of importance arc probably 
to be enumerated as the Auditory, the Visual, and the 
KinaBsthetie. 

Of these modes of Mdeal ' recall of Words, tho two 
former are distinct and easily recoverable, while the latter 
is characteristically vague and difficult of conscious 
realization. Let any one contrast his idea of the .sound 
of the word ^ London,’ or his idea of the appearance of the 
word when printed or written, with his idea of the mus- 
cular and other feelings associated with tho articulation of 
the same word, and the inferiority in definiteness and 
recoverability of the latter will at once become obvious. 
There is nothing surprising in tliis, however, since wo 
know that the tendency of • Kimcsthetic Impressions 
generally is that they should/ like Visceral Impressions, 
soon come to affect the motor machinery of our bodies 
without arousing our Consciousness. In such animals as 
are born with their motor acquirements already wcll-nigb 
complete (pp. 188, 229), Kina3stheticfmpn5ssi8ns probably 

enter as little into their conscious Mental Life as mul- 
titudes of Visceral Impressions enter'lnto our own. 

Speech h;j§ already become, for the human race, ^ 

* See p, 403, and also Dr. Lombard in Proceed, of tho Boyal 
Society,” 1878, pp. 463, 464. 
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much more ‘ instinctive ’ act than Writing, so that it is 
merely a result of the tendency above alluded to that the 
Kinaesthetic Impressions, pertaining to the more deeply 
ingrained motor acts, have become proportionately more 
vague and irrecoverable. Be this explanation correct or 
not, the fact itself is obvious. Let any one shut his eyes, 
place his fingers in the position for writing, and make in 
the air such movements as would be needed for writing 
the word ‘ London ; * imnlediately afterwards let him 
articulate the same word and compare, in regard to 
relative distinctness, the two sets of Kinaesthetic Impres- 
sions. The difference appears to the writer to be most 
marked. 

The fact that Thought in a child, or in an ‘absent-minded’ 
person, is apt to be accompanied with muttered Articulations may 
be easily understood when we consider to what an extent Speech 
soon becomes a mere reflex or ‘ ideo-motor ’ act, and that the 
phenomenon in question occurs especially in those persons, or under 
those conditions, in which Volitional Control is in abeyance and 
retlcx actions are most prone to manifest themselves. Again, that 
Articulation should (where it is not intended) so frequently accom- 
pany the attempt to read made by an illiterate person or by a 
child, is sipply due to the fact that during the process of learning 
to read ^from which they’have not yet emerged), their attempts 
are always accompjanied by vocal articulations — as in the process 
of reading aloud to a teacher. To stop at the mere realization of 
the Visual Impression, and thfcs undo their previous habit, is an 
a^ornplishment to which these persons and many children have 
not yet attained. 

To speak^ therefore, of^he * ideas ’ of W ords as ‘ motor 
processes,* or to sa# that, a suppressed articulation is, 
hi fact, the materijb of our recollection, the intellectual 
inanifostation, thefidca of Speech,” is, in the writer’s 
opinion, both misleading and erroneous — tliQjjgb the latter 
is a view which has been put forth and advocated by 
^0 less an authority on psychological subjects than Pro- 

o Q 2 
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fessor Bain.* That mental representative of a Word 
which is least distinct and most difficult to revive (what- 
ever may he the view entertained as to its precise nature 
and origin), is here declared to be of most importance in 
regard to Thought and Speech processes — as of so much 
importance that it is spoken of by Prof. Bain as con- 
stituting the material of our recollection ” in the use 
and production of Words, whilst no mention is in this 
place made of other (auditory and visual) modes of revival. 

Again, relying much upon the above and allied doc- 
trines, Dr. Hughliiigs Jacksont has repeatedly and in the 
most forcible manner, urged his own view that “ mrit- 
t(d operations in the last analysis must he merely the 
subjective side of sensory and motor substrata.'' For 
those who hold, as Hughlings Jackson does, the view 
of Bain, Wundt, and others, to the effect that our 
Consciousness of ‘muscular activity' is in great part 
initial, centric and realizable in the Motor Centres — this 
mode of expression is legitimate enough : it is, in fact, 
its logical outcome. But for those who wholly disbelieve 
this general doctrine, as Dr, Ferrier does, and who regard 
all sensations or impressions connected with Movement as 
derivable from peripheral ‘ ingoing ’ impressions emanating 
from the moving parts themsHves, and not going hack 
to the Cerebrum along motor ^lerves, such an opinion and 
such modes of expression would be altogether inadmissible. 

* “ The Senses and the Intellect,'’ 3rd Ed., p. 336. It is true 
that in other parts of the same w8rk {e.g., on^. 436) Prof. Bain, 
in a contradictory manner, refers to sensorj|^3lementsof the auditory 
type as the most important components off.our memory of spoken 
language ; but this in no way diminishes responsibility for the 
emphasised statement above quoted. (See “ Fortnightly Review, 
Ap. 1869, p. ^.) 

t “Clin., and Physiolog. Research on the Nervous System, 
(Reprint), 1876, pp. xx-xxxvii. 



Chap. XXVII.] CEREBRAL MENTAL SUBSTRATA. 


697 


Yet, strangely enough, this latter able writer and experi- 
menter, whose views are likely to exercise considerable 
influence, seems to have been betrayed into such an in- 
consistency.* 

.If the various impressions which go to make up the Kinaosthetic 
Sense are all of them (as we suppose) real ‘ingoing* impressions 
that traverse different kinds of sensory nerve*s, the mere difference 
of the mode or occasion on which they are excited, should not lead 
to their being spoken of as though they were radically different in 
nature from other sensory impressions. So that in accordance with 
this view, the dictum ‘ nihil est in inteUectu quod non fuerit prias 
in scnsti * loses none of its old force — it is a formula broad enough 
to include the Kinmsthetic and Visceral as well as the Special 
Senses — and if incorrect, would be so as much in the one as in the 
other direction. 

Fcrrier truly saysf *• — ^‘By the movements of the head and eyes 
we greatly extend the scope and complicate the facts of visual 
sensation, and by the movements of the limbs the range of tactile 
experience is increased a thousandfold.’* But he conveys (from his 
own previous point of view) a contradictory and erroneous implica- 
tion when he adds : — “ There are few objects of cognition known 
to ns only by sensory characters or impressions. The vast majority 
involve the activity both of our sensory and motor faculties, and 
our ideas are a mixed revival both of ideal movements and ideal 
sensations in their respective coherent associations. This is exem- 
plified in the acquisition and constitution of ideas of form, shape, 
weight, resistance and the like.** 

A view of this kind (viz., tfiat ‘ideal movements* have a basis 
other than, and wholly opposed ti, that usually known as ‘ sensory ’) 
is one now commonly held, and is altogether similar to that 
t^jUght in this country by Prof. Bain. He, for instance, when 
speaking of Sight, has said J it “ is now generally considered as a 
mixed sense, j.nd g,hat the visual sensations are partly muscular 
feelings and partly optical feelings.** He adds : — “ In all that 

* This may be seen My comparing Ferrier’s examination of the 
‘ muscular sense * question (“ Functions of the Brain,’* pp. 215-227), 
with his views and modes of expression in Chap.^., some state-^ 
ments in which are now about to be referred to. 

t Loc. cit. p. 207. J “ Fortnightly Review,” April, 1869, p. 498. 
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regards visible movements and visible form, the muscular con- 
sciousness, it is now contended, is the indispensable element; 
the optical sensations merely guiding the movements. Naked 
outlines, as the diagrams of Euclid and the alphabetical charac- 
ters are, to say the least, three parts muscular and one part 
optical, their retention is supposed to depend upon the adhesive 
property of the ocular muscles and their nerve centres, and 
not upon purely optical circles. The memory of a visible form, 
as a rainbow, contains the consciousness of a muscular sweep; 
the windings of a river which, in the actual view, have to 
be followed by movements of the eye, are remembered as ideal 
movements.” 

Without questioning the undoubted fact, that the movements of 
a sensory organ must greatly increase the variety of impressions 
derivable therefrom, or that they may contribute notably to generate 
in the mind of the individual the fundamental notion of modes of 
existence known as * space,* ‘ time,' and ‘ resistance,* it is nevertheless 
open for each one of us to form his own opinion Jis to the extent to 
which ‘ muscular consciousness * reveals itself to us as interwoven 
with our ordinary sight impressions, and many may perhaps be 
inclined to think they can detect far less of it than Pretf. Bain. 
It is also open to each one of us to take a different view as to 
the meaning and nature of what Prof. Bain here speaks of as * mus- 
cular consciousness.* He, we know, regards it as a ‘concomitant 
of the outgoing current,* and upon this basis considers it to be 
radically opposed to all other modes of sensibility — though this is 
a view which others have just as decidedly rejected. 

For those, however, who entertain this disbelief in the existence 
of a ‘ muscular sense * or ‘ musculatf consciousness * as a concomi- 
tant of the ‘ outgoing * current, ajid who consider that the know- 
ledge attributed to such an endowment has, in reality, been ac- 
quired by means of ‘ingoing* impressions emanating from, the 
moving parts themselves, the revival in idea of such knowledge 
must be as purely dependent upon ftie activity Sensory Centres 
as are the processes concerned with the re^val in idea of particular 
Odours. L 

The seats of revival in idea of MovemeAis of parts of the body 
which are not seen {e.g., those of the larynx or of the eyes), are 
the Kinmsth^iwe Centres alone ; whilst in the case of Movements 
of parts oi the body that are habitually seen — Movements which 
have perhaps been learned under additional guidance from Vision— 
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a double or mixed ideal recall occurs, partly having its organic basis 
in the Kinassthetic and partly in the Visual Centres. 

It seems, therefore, not a little inconsistent to find Ferrier (who 
rejects the doctrine of Bain and Wundt) writing as follows : — “ In 
the same manner as the sensory centres form the organic basis of 
the memory of sensory impressions, and the seat of their repre- 
sentation or revival in idea, so the motor centres of the hemi- 
spheres, besides being the centres of differentiated movements, are 
also the organic basis df the memory of the corresponding move- 
ments, and the seat of their re-execution or ideal reproduction.^ 
We have thus a sensory memc«-y and a motor memory, sensory 
ideas and motor ideas; sensory ideas being revived sensations, 
motor ideas being revived or ideal movements. Ideal movements 
form no less an important element in our mental processes than 
ideally revived sensations.*'* 

1’here is here an obvious confusion between two totally distinct 
centres and processes. Fcrrier, in fact, by rejecting the doctrine of 
Bain and Wundt in reference to the ‘muscular sense,’ or ‘muscle 
consciousness,’ rejected the natural basis upon which Hughlings 
Jackson originally founded his hypothesis, as to the existence of 
‘ motor centres ’ in the Cerebral Convolutions. Yet on coming to his 
Chap, xi., “The Hemispheres considered Psychologically,” Ferrier 
writes as though he had forgotten this previous rejection, and the 
whole discussion to which he had devoted pp. 215-227 of his work. 
He has, therefore, on the one hand, striven to localize ‘motor 
^•entres ’ in the Cerebral Convolutions, and, on the other hand, he 
has deliberately rejected that interpretation of the philosophical 
and physiological evidence upon which the existence of any such 
centres must rest. * 

Motor centres, whereverHhey may be situated, are parts 
whose activity appears to be wholly free from subjective 
concomitants. No ‘ ideal ’ reproductions seem ever to take 
place in sucl^ centres ; they are roused into activity by 
outgoing currents,lhnd, so far as we have any evidence, 
the induction in jlhem of molecular movements which, 
immediately afterwards, issue through cranial and spinal 
Motor Nerves to Muscles are simply physi^jal phenomena, 

* Italics not in the original (loc. cit. p. 266). 
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These processes are apparently as free from subjective accom- 
paniments as are the actual molecular processes thereby in- 
cited in the Muscle itself. It is the altered condition of the 
Muscle thus induced, and of contiguous parts as occa- 
sioned by the Movement, which together engender a body 
of ingoing impressions, the terminus for which is the 
KinaBsthetic Centrei* This, therefore^ is a true Sensory 
Centre, and in it ‘ ideal movements * may be revived, either 
alone or conjointly, with related Visual Impressions. 

The Kincesthetic Centre is, indeed, one of great impor- 
tance. Its impressions enter inextricably into a largo 
majority of our mental processes — as widely and inextric- 
ably, in fact, as the assumed ‘ muscular consciousness * 
of Bain is supposed by him and others to be intertwined 
with what they would distinguish as ‘ passive ’ sensibilities. 
But it can only produce an extreme amount of confusion, 
if the activity of this Sensory Centre is attributed to and 
confounded with that of Motor Centres, the processes of 
which seem to lie even more truly outside the sphere 
ol Mind than the molecular processes comprised in the 
actual contraction of a Muscle : these latter processes aro 
at least immediately followed by ‘ ingoing * impressions, 
whilst so far as we know — that is feo far as any evidence 
exists — the former aro not. ^ 

The Cerebral substrata of ]\tind, therefore, in no way 
include, as the writer believes, the processes taking place 
in the Motor Centres of the Cerebrum, wheresoever they 
may be situated. Mental operation's, in other words, can no 
longer be legitimately postulated as being, fn part, imme- 
diately due to the activity of Motor \lentres. Nor can 
‘ideal’ Words be rightly described as motor processes.* 
This is a point so fundamental that in regard to it there 
should be no ‘ufisunder standings or ambiguities, other than 
those which may be inherent in the subject itself. 



CHAPTER XXVIII. 


SPEAKING, READING, AND WRITING : 'AS MENTAL AND AS 

PHYSIOLOGICAL PROCESSES. 

• 

The views arrived at in the last chapter will be found 
to harmonize well with what is known as to the mode in 
which the faculty of Articulate Speech, together with 
the superadded accomplishments of Heading and Writing, 
are acquired. A preliminary consideration of these sub- 
jocts will, moreover, facilitate our comprehension of the 
various defects in the power of Intellectual Expression 
(whether by Speech or Writing) liable to bo produced by 
different kinds of Brain-disease : and the study of the latter 
subject is most important for the psychologist. Its inves- 
tigation has already revealed some very interesting facts as 
to the order and precise relations of various mental pro- 
cesses, as well as concerning their relationship to the func- 
tional activity of particular tracts of Brain-tissue. We 
are, indeed, in this manner afforded the nearest approach 
that is possible to an experimental investigation of such 
subjects. A close scrutiny of the necessary details will, 
^whilst furthering our knowledge, serve also (as a result 
of this knowledge) to incjjease our chance of being able to 
bring ameliordlion to the sufferers themselves. 

That Thought iilall its higher modes cannot be carried 
on without the ail of Language is a proposition which 
will be almost universally admitted if we use the latter 
term in its broadest sense. For, as TEOtoson says,* 
* “ Laws of Thought,” 1B60, p. 27. 
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Language, in its most general acceptation, might bo 
described as a mode of expressing our thoughts by means 
of motions of the body ; it would thus include spoken 
words, cries, involuntary gestures that indicate the feel- 
ings, even painting and sculpture, together with those 
contrivances which replace speech in situations where it’ 
cannot be employed.*” Articulate Speech, in one or othei 
of its modes, is, however, the process which (for ordinary 
human beings) is found to be inseparably related with 
their Thinking processes. Speech is, indeed, nothing 
else than “a system of articulate words adopted by con- 
vention to represent outwardly the internal process of 
Thinking.” 

Taking the Human Race at the present stage of its 
history, when most elaborate Languages have long ago 
been acquired by different sections of it, wo may now 
briefly set forth the principal steps by which individual 
children learn to understand one of these languages ; how 
afterwards they learn to Speak, to Read, and to Write ; 
and to what extent the symbols involved in these various 
processes recur to the Mind as the framework of Thought. 

A brief sketch of the nature of the processes involved 
in these acquisitions was attempted ^y the writer in 18()9, 
in an article* entitled the ‘‘Bhysiology of Thinking,” 
and from this a few quotations piay now be made. 

The young infant first begins to distinguish natural 
objects from one another by differences in shape, colour, 
touch, odour, etc., which these n\p,y present to its different 
senses ; it is then taught (slowly and wit& difficulty) to 
associate some object possessing ceHainl jornbined attributes 
by w^hich it is remembered, with a certl^in articulate smnd 
which has been often repeated whilst the object is pointed 
at, till by diifTof continual repetition this sound (or word) 
* “ Fortnightly Review,” January, 1869. 
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becomes so identified with the various attributes of the 
object that, when heard, it invariably recalls to memory 
the object of which it may now be said to form a kind of 
additional attribute, just as the sight or touch of the object 
will in turn call up the memory of the sound which has 
been employed as its designation. At first these ariicu- 
late sounds (or spoken words) are* only connected with 
external objects, though soon certain adjectives, signifying 
approval or disapproval, are added as qualifying sounds. 
By degrees the number of nouns and of adjectives in use 
increases, and also other parts of speech are added. 

the process of learning is the same in all 

cases, whether the spoken sound is to be associated with 
an external object, with an emotional condition, or with 
a conception of the mind : first, it is necessary that we 
should be able to recollect and identify, when again pre- 
sented to consciousness, either the set of attributes 
belonging to the object, the peculiarities of the emotional 
state, or of the intellectual conception ; and, secondly, 
that we should be able to recollect the particular vocal 
sounds which have been associated with these several 
modifications of consciousness when previously existing. 

This*is the first stage passed through in 

the acquirement of a language — it is the mere learning 
to associate particular SQunds with particular mental im- 
pressions, which association at last becomes so strong as 
to be almost inseparable, the thing unfailingly recalling 
to memory the sound, #nd the articulate sound as surely 
conjuring u^^ a more or less vivid idea of the thing. In 
the process of Irnming, therefore, there is involved not 
only a simple acS of memory, but also, as Herbert Spencer 
has pointed out, the germ of a reasoning process in the 
form of a simple act of inference . . . ^ . • it would 

seem pretty obvious that so far as the infant thinks by 
<5 
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means of language, it does so by means of the remembered 
sounds of words — these are its linguistic symbols of 
thought, which must, however, be mixed up inextricably 
in its mind with other sense-impressions, and more 
especially with those of sight. For it may fairly be said 
that the great majority of children can remember the 
names given to many 'external objects when they are four 
or five months old; their memory in this respect con- 
tinually increasing through succeeding months, even whilst 
they still make no very distinct effort at articulating words 
for themselves.** 

The next step is the development or acquirement by 
the individual child of the power of articulating for him- 
self the sounds which have hitherto been increasingly 
employed as mental symbols. The potentiality of attain- 
ing to such a power the Aild receives, in the main, as an 
inheritance from so many antecedent generations of men, 
that its actual manifestation — the acquisition, that is, of 
the power of Speaking — can only be regarded as a motor 
achievement of an order similar to some of those which 
may be included among the Instinctive Acts of lower 
animals : the similarity being not so much with the 
Instinctive Acts that animals are born with the capacity 
of performing, but rather with »-those which manifest 
themselves a little later in life, rand which (from their 
more gradual acquirement) might be thought not to be 
Instinctive Acts at all (p. 561). 

A process of ‘ learning * to Speak intervenes in part 
in the former case, but it is whilst th^ inlfbritlsd struc- 
tures are undergoing development in thy' child*s Nervous 
System. V 

A certain order of development is always observed in 
the various x^arts of the human body, and this holds good 
also with regard to the several parts of the neryous 

I >»'> 
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HYstem Even though the child acquires the 

2 )ower of uttering articulate sounds slowly, still when we 
think of the delicacy of the muscular combinations 
necessary, and of the almost instinctive way in which 
they are brought about, wo shall rather be impressed with 
the notion that this could not have been accomplished at 
all had not the infant been born with a* nervous system 
tending to develop itself in certain special directions, and 
thus making the performance of the highly complex 
muscular acts necessary for articulate speech a possibility. 
Slowly elaborated developments of the parts of the 
Medulla and of the Brain concerned in the acts of speech, 
we may presume had taken place in remote individuals 
of the parent race, as they acquired additional powers 
ill this respect ; and the powder of developing similar 
structural connections between nerve cells and nerve 
fibres, thus established, having been handed down and 
gradually rendered more perfect by hereditary transmis- 
sion through countless succeeding generations, the infant of 
to-day is born, perchance, with the potentiality of develop- 
ing a nervous system as complex and as perfect in this 
respect as any which may have preceded it in its own 
ancestral line.” A slowly growing mechanism of this kind 
b'ceomes perfected undef the influence of suitable stimuli 
of a volitional order, wkicli here, as in the case of the 
acquirement of new motor powT.rs by an adult, have an 
unquestionable though an unexplained influence in bring- 
ing about tlig developnlfent of nerve-tissues in the Centres 
to Avhich*they are(lflirected (see p. 563). “ This impetus, 

we may presume,Ms given by the passage of nerve-currents 
downwards fromlHiose superficial portions of the cerebral 
hemispheres concerned in the acts of intellectual percep- 
tion and of memory, to those parts which are the motor 
centres concerned in articulate speech.” 
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At first the child’s articulatory capacity is confined 
to mimicking — that is to say, it repeats such words only 
as have just been spoken to it ; but after a time, when 
the act of emitting this sound has become perfectly easy 
by constant repetition, the child gives utterance to it of 
its own accord, on the mere sight of the object with 
which the sound was originally associated in its mind. 
This then is the second stage in the acquirement of lan- 
guage ; and the child only slowly attains to a more perfect 
performance of the mental and motor processes involved.” 
After a time, however. Thought and Language become in- 
separably associated, so that words are voluntarily recalled 
by the renewal of previous nerve actions in the Auditory 
Perceptive Centres, and such nerve processes are followed 
by the complex combination of muscular actions concerned 
in the articulation of the several words as they arise in 
Thought. 

Since the foregoing views were expressed and pub- 
lished, the writer has met with an altogether unexpected 
confirmation of their truth. In the year 1877 he was 
consulted concerning the health of a boy, the son of a 
leading barrister, who was then twelve years old, and 
had been subject to ‘ fits ’ at intervals. The first fits 
occurred in infancy, when the patient was about nine 
months old. Towards the end»’of the second year these 
fits seemed to have ceased, and the child appeared suffi- 
ciently intelligent — to be well, in fact, in all respects except 
that he did not talk. When nearly five year|,old the little 
fellow still had not spoken a single w^-d, fed Sbout this 
time two eminent physicians were conf^ulted in regard to 
his ‘ dumbness.* But before the expi ation of another 
twelve months^^as his mother reports, on the occasion of 
an accident happening to one of his favourite toys, he sud- 
denly exclaimed, “ What a pity ! ** though he bad never 

t 
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previously spoken a single word. The same words could 
not be repeated, nor were others spoken, notwithstanding 
all entreaties, for a period of two weeks.^ Thereafter the 
boy progressed rapidly, and speedily became most talk- 
ative. When seen by the writer he spoke in an ordinary 
manner, without the least sign of impediment or defect.f 

No explanation of such facts seems poi^iblo, except on 
the supposition that Speech has now become a truly 
automatic act for human beings, and that if children do not 
speak at birth this is in the main due to the fact that 
their nervous systems arc still too immature. But when, 
in the natural course of development, the parts concerned 
have become properly elaborated, the highly complex move- 

* An emotional is much stronger than a volitional stimulus — 
a thing of higher tension — so that it may occasionally force its way 
along channels and against resistance which the volitional stimulus 
alond has been unable to overcome. Illustrations of this are fre- 
quently to be met with among persons who, from the effects of 
disease, have temporarily lost the power of speaking. Such indi- 
viduals occasionally utter some word or short phrase under the in- 
Hu eiicc of Emotion which they are afterwards quite unable to repeat. 

f Although there seemed no room for doubt as to the credibility 
of the above narrative, still, on account of the extraordinary nature 
of the facts, it may be well to remark that it was completely con- 
firmed by the governess w^io had previously had the care of the 
child, and who was present 4 )n the occasion of this first and un- 
taught act of Articulate Speech. A proof of this sheet has also 
been submitted to the father, who, in reply to my enquiry as to 
whether anything required to be altered in the account above given, 

writes (Jan. 9th, 1880): — ‘^he statement as to my boy A is 

perfectly (forrect.” /®n mentioning this case to a distinguished 
physician, he informed me of a closely related fact. His eldest 
daughter up to the fflge of two years had not walked a step, or even 
tried to walk, when mac day he put her down in the standing position, 
and to his great surprise as well as to that of th^^urse, she walked 
from one side of the room to the other. This also was an untaught 
act, as there had been no previous trials and failures (see p. 562). 
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ments concerned in Speech may, under certain circum- 
stances, be at once called 4nto play, independently of pre- 
vious trials and failures — just as the nervous mechanism 
concerned with the act of sucking may bo called into play 
in the human infant at the time of birth, on the presen- 
tation of its proper stimulus. No such untaught acts of 
Speech would however be possible, unless development had 
been taking place in the normal manner, and unless the 
Auditory Sense and Intelligefico were unaffected. The 
manifestation of attempts at Speech are supposed in this 
case to have been merely retarded by some slight and 
quasi-accidental conditions, such as arc occasionally opera- 
tive in childhood — especially in those who suffer from 
epileptic or other convulsions. 

Without an instance of this sort coming almost under 
one’s own cognizance, neither the writer nor any one else 
might have been inclined to bestow much credence .upon 
two very similar cases, the records of which have come 
down to us from writers of antiquity.* 

The son of Croesus who, according to Herodotus, f had 
never been known to speak, and whoso cure had been in 
vain attempted, was, at the siege of Sardis, so overcome 
with astonishment and terror at seeing the king— his 
father — in danger of being kill^ by a Persian soldier, 
that he exclaimed aloud — ArjOpfoire fir] Kre^ve Kpoiaov— 

Oh, man, do not kill Croesus 1 ” This was the first time 

♦ The real import of these latter cases does not seem to have 
been apprehended, either by those originally reco|[^iiigj^,them or by 
a modern writer who has lately referred to them (Bateman, “ On 
Aphasia,” p. 138), It need scarcely be pointat out that the sudden 
beginning to speak for the first time withoyt previous prolonged 
trials and failures, is a matter vastly transcending in importance 
the sudden res\»tiption of Speech, when it has been for a while 
suspended in conseauence of Brain-disease. 

t “ Herod.,” Hist I. 85. 



Chap. XXVIIL] AND PHYSIOLOGICAL PROCESSES. 


609 


ho had ever articulated, though he is said thereafter to have 
retained the faculty of Speech aa^long as he lived. Again, 
it appears that Aulus Gellius,^ after repeating the above 
story from Herodotus, relates a similar fact in the following 
terms: — “ Sed et quispiam Samius athleta, nomen illi fuit 
Ai-'yAT/v, quum antca non loquens fuisset, ob similem dicitur 
causam loqui coDi)i§se. Nam quum •in sacro certamine 
sortitio inter ipsos et adversaries non bona fide fieret, et 
sortem nominis lalsam suhjici animadvertisset, repente 
in eum, qui id faciebat, sese videre, quid faceret, magnum 
inclamavit. Atque in oris vinculo soliitus, per omne inde 
vita) tempus, non turbide neque adhiese locutus est.” 

The powders of Reading and of Writing are accom- 
plishments suporadded to that of Articulate Speech. 

The child has already learned to associate certain ob- 
jects, or particular states of consciousness, with definite 
Sountls (or Names) ; he has further gained the power of 
articulating these names for himself: so that when he 
begins to learn to Read, he gradually builds up a still 
further " association,’ by which certain written or printed 
hieroglyphics, representing letters in definite combina- 
tions, are linked to ,the already known states of con- 
sciousness (Perceptions, Ideas, &;c.) and their sound repre- 
sentatives. The previous* combinations are therefore sup- 
plemented by being correltPted with now visual symbols ; 
jnd it seems certain that in the act of Reading the 
words which are primarily perceived in the Visual Centre 
would almost |.simultan(!busly recall the corresponding 
rounds in the Audilbry Centre, as part of the perceptive 
process involved inilhis act.f From the Auditory Centre 

* “Noctes Atticai,’*Bib. v. cap. ix. 

t Where this cannot occur it must be more d^ficult for the 
person to understand what is read, and, as may be seen from 
what follows (p. 641 ), it may be impossible for him to read aloud. 

^ R U 
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the stimuli inciting to the articulation of the corre- 
sponding words would then pass to the Motor Centres 
in precisely the same manner as in the case of ordinary 
Speech — whatever the precise course pursued by these 
stimuli may be, and howsoever they may, on their 
route, come into relation with those portions of the 
Kina3sthetic Centres that are concejrned with Speech- 
movements. 

‘‘With reference to the process of Writing, it almost 
invariably happens that this accomplishment is acquired 
after the individual has been taught to Speak and to Read 
more or less perfectly. During this course of instruction 
the pupil learns to associate the visual perceptions of the 
separate letters of words with certain muscular movo- 
ments of the hands and fingers necessary to enable him 
to produce the written letters for himself, and afterwards to 
join them together so as to represent words. This involves 
a long and tedious process of education, and tho ’mus- 
cular movements which are ultimately learned are in all 
probability more intimately associated with sight- percep- 
tions than with sound-perceptions ; though of course the 
Word as a revived sound-perception may be said to exist 
also during the act of Writing. The muscles of the upper 
extremity being also to the , fullest extent voluntary 
muscles, and therefore very different from those concerned 
in the acts of Speech, tho whole process of learning to 
write is one which comes much more within tlic Io n 
of our consciousness than doeg the otherwise parallel 
process of learning to articulate words.’' 

We ought therefore to have muef^^more pow:^ of 
calling ‘in idea’, either (a) the ‘vo^tional efforts ' that 
were needed to enable us to Write ^ords, or that 
‘ muscular consciousness ’ spoken of by Professor Bain 
as representing the particular states of tension of the 
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individual muscles employed, than wo coaid ever expect 
to have of the volitional efforts needed, and of the states 
of tension of individual muscles of the larynx and other 
parts involved in Articulate Speech. 

But the objections to these two modifications of the 
view promulgated by Hiiglilings Jackson and others, that 
Words are revived m thought as ‘ motor processes have 
been already considered (pp. 594, 691) and shown to bo 
insuperable. We found gofbd reasons for believing that 
the impressions referred to (as well for spoken and for 
written words as for all other muscular movements) are 
neither anterior to, nor concomitants of ‘outgoing cur- 
rents but distinctly sequential to the passage of such 
currents — that they are, in fact, due to ‘ ingoing currents * 
derived from the moving parts themselves. 

Looked at from this newer point of view, wo may first 
consider the question of the degree of definiteness and 
recoverability of the Kiniesthctic Impressions derived from 
Writing-movements, 

How almost impossible is any such recall to conscious- 
ness, and how vague and blank a feeling is associated 
with the attempt, as compared with the recall of a Visual 
or of an Auditory Impression, any one may easily convince 
himself who will make I4ie following simple experiment. 
Lot him close his eyes, and with pen in hand make move- 
ments in the air as though ho were writing the word 
^London.’ He may thus assure himself that he has a 
set of sensations accompanying these movements. After 
interval* say the|pext day, let him again close his eyes, 
and, without maki A any movement, attempt to recall ‘ in 
idea’ the musculy and other sensations he previously 
(experienced when writing the above-mentieqiDd word. Let 
him then contrast his comparative powerlessness in this 
direction, wij;h his ability to recall in idea the visual ap- 

R R 2 
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pearance of this word when written or its corresponding 
sound. 

From this stand-point we may, in the second place, 
look to the relative definiteness and recoverability of the 
Kinsesthetic Impressions consequent upon Speech-move- 
ments. We may find then, that the Impressions which 
accompany actual Speech-movements for different words 
can only vaguely he realized as distinct from one another, 
and that they are certainly far less distinctive than the 
Kinaesthetic Impressions derived from the acts involved 
in Writing different words. The general rule, that the 
vaguer the Sensation the lower is its degree of recoverability 
in Idea, certainly holds good here also — as any one may 
discover who will make the necessary comparative trials. 

Thus, slight as may be the power of recalling the 
Kinaesthetic Impressions derived from Writing, the ability 
to recall those occasioned by Speech is even less. , But 
that there should be such a difference is no other than 
might have been expected, since a precisely similar dif- 
ference obtains in regard to impressions from ‘ automatic ’ 
movements generally as compared with those of a more 
* voluntary * order. 
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THE CEREBRAL RELATIONS OF SPEECH AND THOUGHT. 

Our powers of Perception or Apprehension, of Thinking 
or Reasoning, of Speaking, Naming, Writing — even of 
expressing Thoughts by Gestures or the simplest Signs — 
are all dependent upon cerebral processes very complexly 
interrelated, as may have been gathered from what has 
already been said. Much attention has of late years been 
given by physicians and pathologists to the investigation 
of disturbances of the normal relations existing between 
theso several processes, brought about by limited lesions 
or injuries of different portions of the Brain, An analysis 
of some of the typical conditions thus revealed will throw 
more light than could otherwise be done upon the manner 
ill which Cerebro-mental processes are correlated with one 
another. It will serve to convey some faint outline of the 
mode in which the higher processes of Sensory Apprehen- 
sion, Thought, and IntSllectual Expression (and conse- 
quently of ‘ Volition aro dependent upon one another, 
^ind also of the mode in which these processes are related 
to' the activity of some imperfectly defined areas in the 
cortex of the ^erebral Bfemispheres, 

What is now toibe set forth by means of illustrations 
selected from sonje of the abnormal mental conditions 
produced by Cerebral Disease, whilst it will suffice to test 
S'Ud illustrate the accuracy of the views e^gpounded in the. 
last chapter, may also be regarded as the continuation 
o^what has been said in Chapters xxiv. and xxv. We 
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there sought, with the light afforded by experiments upon 
lower animals supplemented by clinical and pathological 
investigation, to trace ^ingoing* impressions from their 
seats of origination to certain portions of the Cerebral 
Cortex: the regions whence Volitional and other ‘out- 
going * stimuli from the Cerebral Cortex were given off, 
were also indicated— so far as they are at present known. 
Our object now will be to throw some little light upon 
the extremely complex processes wdiich have been super- 
added, or that have grown out of, the processes imme- 
diately excited in the Cerebral Cortex by the incidence of 
ingoing imj^ressions — and as a result of which outgoing 
stimuli pass over to motor centres, for the performance of 
Voluntary Acts and for Intellectual Expression generally. 

We shall make a faint attempt, therefore, to begin to 
unravel the order of the incalculably complex intermediate 
processes taking place in the highest nerve centue of 
the highest animal between the incidence of ‘ ingoing ’ 
and the exit of ‘ outgoing ’ currents. Such actions arc to 
be regarded as elaborations of one median part or stage of 
the typical ‘ reflex process,’ as it occurs in lower organisms 
or in the lower nerve centres of higher organisms. 

Any attempt to gauge and understand the Mental- 
processes of lower animals was ’found to be necessarily 
dependent upon the study of dheir Actions under par- 
ticular conditions. Similarly, our attempts to gauge and 
understand the Thought-processes of our fellow-men, 
must rest ultimately upon a study of their Actions, or of 
the results of their actions, as enl^)odied in Speech, 
Writing, or other products of the mov.ments which they 
have evoked for purposes of Intellectu.,1 Expression. In 
place of the m^re emotional signs and gestures of lower 
animals, the accumulated results of the movements 
employed in Speech and Writing for generation af^r 
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generation, have been available in the case of man for 
the building up of that great department of human 
knowledge known as Objective Psychology. 

Our aims now, however, are different from what they 
wore in the earlier chapters, when considering the mental 
processes of lower animals. We were then principally 
concerned with tho endeavour to ascertain something as 
to the nature of those mental processes, in order to 
learn whether, or to what* extent, they were similar to 
tliose of Man. It was necessary to ascertain, in ffict, 
whether the general similarity in structure of their Ner- 
vous System, carried with it a general similarity in mode 
of action. But now we are not concerned so much with 
the estimation of the nature and extent of Man’s mental 
powers, as with (a) the nature and order of the processes 
involved in Thought and Intellectual Expression ; and 
(b) vith the endeavour to refer some of these processes to 
the activity of definite parts of the Brain. These, in fact, 
are the final questions needing consideration, in order to 
complete our necessarily imperfect sketch of what is at 
present known concerning ‘the Brain as an organ of Mind.’ 

In the first of these analytical studies we have briefly 
to consider some of the more typical of the various defects 
ill Perception, Verbal Memory, Thought, and Intellectual 
Expression (either by ^eech or Writing), which have 
^been observed as results of disease or injury in different 
parts of the Cerebral Hemispheres. 

The ^ea? imiiortance of the due activity of the 
Auditory and Vis lal Preceptive Centres, and the absolute 
dependence of thl great bulk of our intellectual percep- 
tions, of our memory of words, and of our powers of 
thought, as well as of intellectual expression, upon the 
functional integrity and proper inter-action of these parts 
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may have been gathered by the reader as probabilities from 
what has already been said (see also p. 637, footnote). 
These conclusions will now, however, be confirmed by 
illustrations drawn from the histories of certain carefully 
selected examples of Brain-disease. 

It must continually be borne in mind by those who 
study these examples, that each Perceptive Centre is 
capable of being called into activity in three modes : — 
(1) By means of external Impressions ; (2) by ‘ Associa- 
tion ’ — that is, by impulses communicated from another 
Centre, during some act of Perception or during some 
Thought-process ; and (3) by ‘ Voluntary ’ recall of past 
impressions, as in an act of Recollection.^ 

The excitability of the Centres — that is, the molecular 
mobility of their constituent tissue-elements, may vary 
much with age, state of health, or different morbid condi- 
tions. Their mobility may be so much Uncered, that .they 
are only capable of responding to powerful stimuli ; so that 
whilst ‘ Volitional ’ recall or Recollection may be impos- 
sible or difficult wuthin their province, they may still be 
capable of acting in ‘ Association ’ with other centres 
(that is in an automatic manner during an ordinary pro- 
cess of Thought), and still more easily under the ‘sensory* 
stimulus or external impression which is the forerunner of 
a Perceptive-process. At othei;, times, the excitability of 
Perceptive Centres may be unduly ex<dted, so as to lead 
to hallucinations, illusions, and a wffiolly different class of 
defects often met with among Insane persc^is, but which 
will not here be considered. ^ ^ 

Again, the Auditory Word-Centres,i^the Visual Word- 
Centres, and the double Kincesthetic 'V^ord- Centres (viz., 

* These seconcUand third inodes of activity are probably closely 
related to one another, though we have no definite knowledge con- 
cerning the processes involved in the latter. 
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those in relation with the movements for Speech and for 
Writing) are, of course, only parts, though probably dis- 
tinct and extensive parts of the respective cerebral Centres 
for Audition, Vision, and Kinacsthesis generally. Hence 
spoken words may not be comprehended though other 
sounds are ; and again, written or printed signs may not bo 
understood, though ordinary objects may*be easily recog- 
nized through sight-impressions. 

Concerning the precise functional relations of the 
Ivimestbetic Word-Centres with the corresponding parts 
of the Visual and Auditory Centres nothing is at present 
known — the writer, however, believes that they play little 
or no part in Thought. One section of them is probably 
called into activity principally at the instigation of stimuli 
emanating from the Auditory Centre for the bringing 
about of Articulate Speech, whilst the other section is 
probably called into activity principally at the instigation 
of stimuli issuing from the Visual'Centre preliminary to 
the production of the movements concerned in Writing. 

From this point of view the Kinaosthetic Centres would 
be concerned more with the expression of Thought than 
with the Thinking-process : their activity would only be 
roused as Thought is about to translate itself into Action. 
Thus, they may, pcrha]^s, form the last outposts on the 
side of * ingoing ’ currenfls, and be at the same time the 
jtarting-points for ‘ outgoing ’ currents. This view is quite 
harmonious with the fact that the processes taking place 
therein are aljiost as d^oid of conscious accompaniment, 
aud almost as irrtloverable in idea, as are the molecular 
processes occurrinj in the Motor Centres upon which the 
initial ‘ outgoing ’jeurrents act. 

An attentive study of the mental defeetji resulting from 
Cerebral Disease will, we think, be found to yield results 
quite in accordance with the views above expressed. 
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The principal defects which the following cases arc 
destined to illustrate, may with advantage be first tabu- 
lated, so as to show their mutual relations both as Mental 
and as Neurological Processes. 


I. DEFECTS OF VEIiBAL MT^MOHY, THAT IS DEF|:CTS IN THE ASSOCIA- 
TIONS OP IDEAL THINGS OR OP CONCEPTIONS WITH IDEAL WORDS. 

A. Amnesia Verbale. 

(cf«. Paralytic Variety ; b. Incoordinate Variety.) 

1. Diminished Excitahllitij of the Andiiory Word-Centres. 

2. Defective Action in the Visual Word-Centres. 

o. Damage to Visual Word-Centres and of Afferent Fibres to Amli- 
tory Centres ; together with certain defects 2 ^^oducing Jhco- 
ordinate Amnesia. 

4. Damage to Commissures between Auditory and Visual Word- 

Centres, 

« 

IL DEFECTS IN THE ASSOCIATION OF IDEAL WORDS AVITH VERBA L 
»IOVEMENTS FOR SPEECH AND WRITING, OR FOR EITHER OF THEM 
SINGLY. 

B. Aphasia. 

5. Damage to first parts of outgoing trades leading from Cerehnd 

Word-Centres to left Corptis Striatum, 


C. Agraplfia. 

6. Damage to first parts of outgoing tracks leading from the left 
Visual Word-Centre, 


7 . 


D. Aphemia. 


Damage (a) to first parts of outgoing traciSfdeading from the left 
Auditory Word-Centre^ or (b) to sonsk lower parts of the 
seme trach or (c) to the actual Motor Centres for Articidu- 
tiun. 
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A. Amnesia Verbale."'*^ 

In the acquirement of Speech there gradually arises, as 
we have seen, an ‘ association ’ between the impressions 
produced by external objects, as well as between the 
cerebral processes* involved in idefts ar/d other mental 
states on the one side, and the actual or revived sounds 
or sights of certain Words on the other. A similarly 
close ‘ association ’ also springs up between these latter 
processes taking place in the Auditory and Visual Per- 
ceptive Centres, and other processes in Motor Centres 
causative of Articulatory Movements for the production of 
Sounds corresponding to the Names of the objects or mental 
states thought of. Thus in the process of Thinking, so 
long as the brain acts in a healthy manner. Words become 
nascent in consciousness primarily, and perliaps princi- 
pally, as revived Auditory Impressions. These revived 
impressions, either without or with voluntary efforts (that 
is, by Ideo-Motor or by Voluntary Action) bring about, in 
a manner the details of which arc extremely obscure, 
those multiple combinations of muscular action necessary 
for the Articulation df the corresponding Words. If this 
primary memorial association between the impressions 
produced by things and t.^eir names, or. between the ideas 
of things and other mental stales and their corresponding 
>vords, prove defective (so that the one does not follow the 

* The vigws ^pressed in*this Chapter were contained in embryo 
in a paper (published in 1869, in the “Drit. and For. Med. Chir. 
Beview entitled, ‘*J)n the Various Forms of Loss of Speech in 
Cerebral Disease.” ffhe present Chapter was written in the 
autumn of 1878, ana therefore contains no reference to recent 
communications. The author has since read Kifssfiiaul’s elaborate 
article (Ziemssen’s “ Oyclopmdia,” vol. xiv.) where many of the 
views expressed in his earlier papers are endorsed. 
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other immediately) it seems evident that, in proportion to 
the degree of these particular defects, there must be a 
diminution in the power of Speaking, and a hinderance, 
though to a less extent, in the process of Thinking. 

Two kinds of defective Verbal Memory require to be 
distinguished.* One of them is dependent upon a dimin^ 
ished activity in‘ one or other of the f/arts of the Brain 
concerned with the verbal associations above referred to. 
Such diminution may amount ‘to a more or less complete 
arrest of action or paralysis, hence this variety may be 
named Paralytic Amnesia. The other kind of defect is 
related to an irregular or perverted activity of the parts 
in question. They act, but they act wrongly. It is not 
that words cannot be revived, but rather that wrong words 
are revived, just as an ‘ ataxic ' man produces wrong 
movements of his limbs. This second variety may, thert‘- 
fore, fitly enough be distinguished as Incoordinate Am- 
nesia. Though the two conditions may exist separately, 
they are often combined in dilFerent proportions. 


a. Paralytic Amnesia. 

Under this head may be included* a momentary forget- 
fulness and confusion about proper Names and Nouns, 
with power of recovery after a time ; or there may be n 
more permanent and habitual forgetfulness of Names of 
objects, persons, or places, with attempts to remedy tlris 
forgetfulness by employing a periphrasis in place of tlu) 
Noun, which cannot bo recalled. 1 * * 

Different degrees and special varietils of this kind of 
defect are recorded in the following secSons. 

* In reference to Memory generally, some very suggestive and 
original views may be found in a paper by the late Dr. Laycock, m 
“ Edin. Mid. Jnil.,” April, 1874. 
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1 . — Diminished Excitability of the Auditory Word^ 

Centres. 

According to the degree in which the proper vitality 
.of the Auditory Word-Centres is affected, we may find 
evidence that they cease to respond,^ first to ^ volitional ’ 
incitations, secondfy to those coming to them by way of 
‘ association,’ and lastly to ‘ sensory ’ impressions coming 
from without. 

A good example of an ordinary case of Amnesia is 
thus referred to by Trousseau in his “ Lectures,” in which 
the ' volitional * and ‘ associational ’ recall of names was 
impossible, though their ‘ sensory ’ recall was preserved. 

“ The patient docs not apeak, because he does not remember the 
words which express ideas. You recollect the experiment which I 
often repeated at Marcou’s bed-side.* I placed his nightcap on his 
bed, kud asked him what it was. But after looking at it atten- 
tively he could not say what it was called, and exclaimed, ‘ And 
yet L know well what it is, but I cannot recollect.* When told 
that it was a nightcap, he replied, ‘ Oh ! yes, it is a nightcap.’ 
TJio same scene was repeated when various other objects were 
shown to him. Some things, however, he named well, such as his 
pi]K]. He was, as you^know, a navvy; and, therefore, »vorkcd 
chiefly with the shovel and the pickaxe, so that these are objects 
th(3 names of which a navv^* should not forget. But Marcou could 
never tell us what tools he^worked with, and after he had been 
vainly trying to remember, when I told him it was with the shovel 
^and the pickaxe, ‘ Oh ! yes, it is,* he would reply, and two minutes 
aftei wards he was as incaiiable of naming them as before.** 

In the uligltcr :|)rms of Amnesia the efforts at Eecol- 
Icction of a pers(|i who is “ at a loss for a word ” tend 
also to call the ‘Visual Word-Centres into an incipient or 

* The earlier condition of this man will hereafter be referred to 
(p. 627), as at that time he manifested a distinct tendency to 
‘ echo * words. 

# • 
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abortive amount of activity. Dr. Graves has placed on 
record what may bo taken as an illustration of this fact, 
though he quotes the case merely as ‘‘ a remarkably exag- 
gerated degree of the common defect of memory observed 
in the diseases of old age, in which the names of persona 
and things are frequently forgotten, although their initials 
are recollected. 

“ A farmer, fifty years ago, bad sufiercd from a paralytic attack, 
from which he had not recovered at the time of observation. The 
attack was succeeded by a painful hesitation of speech. JTla 
memory ivas good for all parts of speech except noun-substantivv^i 
and proper names : the latter he could not at all retain. This 
defect was accompanied by the following singular peculiarity : — he 
perfectly recollected the initial letter of evei'y suhstantive or proper 
name for which he had occasion in conversation, though he could 
not recall to his memory the word itself. Experience had taught 
him the utility of having written on manuscript a list of the 
things ho was in the habit of calling for or speaking about, in- 
cluding the proper names of his children, servants, and acquain- 
tances ; all these he arranged alphabetically in a little pocket 
dictionary, which he used as follows : — if he wished to ask any- 
thing about a cow, before he commenced the sentence he turned to 
the letter C, and looked out for the word * cow,* and kept his finger 
and eye fixed on the word until he had finished the sentence, lie 
could pronounce the luord * cow * m its proper place so long as he 
had his eyes fixed upon the written letters ; hut the moment he shut 
his hook it passed out of his memoi^j a, ml could not he rccalh d, 
although he recollected its initial, am^ could refer to it lohen neces- 
sary. He could not even recollect his own name unless he looked 
out for it, nor the name of any j^erson of his acquaintance; but 
he never was at a loss for the initial of the word he wished to 
employ.** 

In regard to this memory of the fir Si letter alone of ft 
Name or Word, the following passage fmmi David Hartley 
is not without interest. He said,* whilst illustrating 
celebrated docjirkie of ‘Association * : — “When a variety 

Observations on Man,” 1748, Prop, xii., Cor, vii. 
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of ideas are associated together, the visible idea, being 
more glaring and distinct than the rest, performs the 
office of a symbol to all the rest, suggests them and 
connects them together. In this it somewhat resembles 
the first letter of a word, or first word of a sentence, 
'which are often made use of to bring all the rest to 
mind.’* The fact, moreover, that in these cases — when 
we cannot ^ get out * a particular word — we often seem to 
know something of its length, and can say that it consists 
of about so many letters, also seems to testify to an 
abortive or incipient revival of the Word in the Visual 
Centre. 

The fact that this partial Visual revival is not asso- 
ciated with full consciousness of the word and does not 
enable it to be Written, is one of considerable significance, 
because it seems to show how all-important, in the majority 
of cases, is the primary revival in the Auditory Centres, not 
only for the accomplishment of Speech but also for that of 
Writing ; and, further, that the more special Intellectual 
or Emotional Mechanisms, often cannot immediately rouse 
the Visual Word- Centres for the execution of Writing 
Movements, these being probably called into play, in 
Writing spontaneously as well as in Writing from dicta- 
tion, for the most part tjirough the intermediation of the 
Auditory Word-Centres. ^ 

A remarkable kind of defect, of an exceptional order 
*^and very difficult of explanation, has been recorded by 
Dr. Hertz, who says (‘‘^sycliolog. Mag.,'' vol. viii.) : — • 

“ In Angust, 1785‘|l was called to an officer of artillery, a man 
about forty years olj who, as I was informed, was seized with a 
palsy I founjhim so much recovered as to have the com- 

plete use of his feet; his hands also were stronger, but in regard to 
his speech the following very remarkable circumstTince was to be 
observed ; he was able to articulate distmctly any words which 
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cither occurred to him spontaneously, or when they were slowly and 
loudly repeated to him. He strenuously exerted himself to speak, 
but an unintelligible kind of murmur was all that could be heard. 
The effort he made was violent, and terminated in a deep sigh. Ou 
the other hand, he could read aloud with facility. If a book or 
any written paper were held before his eyes, he read so quickly 
and distinctly that it was impossible to observe that there was the’ 
slightest fault in his organs of speech. But if the book or paper 
were withdrawn he was then totally incapabTe of pronouncing one 
of the words which he had read the instant before. I tried this 
experiment with him repeatedly, not only in the presence of bis 
wife, but of many other people: the effect was uniformly the 
same.” 

Here it would appear that Words could not properly be 
revived in the Auditory Centres by ‘ volitional * incitations, 
and, consequently, that ‘ outgoing ’ stimuli could not be 
made to pass over from them to the motor centres con- 
cerned in Speech. His difficulty in repeating words 
(implying sluggishness of response of the Auditory Word- 
Centre to direct ‘ sensory’ impressions) makes this 'case 
hard to understand. The view that the molecular mobility 
of this Centre itself was lowered, or that its emissive fibres 
were damaged, is not in accord with the fact that it ap- 
peared still to respond well to strong impulses coming 
it from the Visual Centre. And evidence will subsequently 
be given, tending to show that^ in ‘ reading aloud ’ the 
Auditory Word- Centre is called into play, so that it 
then acts as in ordinary Speech (p. 641). But there may 
be exceptions to this rule. Both this case and the one 
which follows would be more exjjJicable if we might sup- 
pose that motor incitations could, in soraefwell practised 
persons, pass over, in Beading, fromllthe Visual Word- 
Centre to the portions of the Kina)s4'*etic Word-Centre 
in association with Speech-movements, without previously 
passing through the Auditory Word-Centre. By analogy 
it would seem quite possible that this , may occur, 
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just as the initially-guiding Visual Sense may after a time 
be dispensed with in the execution of ordinary movements 
(p. p556). 

The next case^ is rather morg complicated, but it affords 
clearer evidence of a great diminution in the excitability 
of the Auditory \\’'ord- Centre. 

Dr. TTnn, of Albar^y, mentions the case of a\>laclcsmitli, set. 0-^, 
wlio, before the present attack, could read and write with facility, 
lie had been labouring for several years under disease of the 
heart. After a long walk in the sun he was seized one evening 
with symptoms of cerebral congestion, and remained in a state of 
stupor for several days. On recovering from this condition he 
understood what was said, but it was observed that he had great 
dilHcnlty in expressing himsdf in words, and for the most part 
could only make his wants known by signs. There was no para- 
lysis of the tongue, which he could move in all directions. He kyicvy 
the rneanivg of words spoken before him, hut could not recall those 
'needed to express himself, nor could ho repeat words when he heard 
th.en\pronounccd ; he was conscious of the difficulty under which 
he was labouring, and seemed snr[)rised and distressed at it. If 
Dr. llun pronounced the \vord he needed, he seemed pleased, and 
would say, “ Yes, that is it,” but was unable to repeat the words 
after him. After fruitless attempts to repeat a word, Dr. Hun 
wrote it for him, and then he would begin to spell it letter by letter, 
and after a few trials was able to ])roiiounce it ; if the writing were 
now taken from him be hould no longer pronounce the word; but 
afU;r a long study of the wijtteii word, and frequent repetition, be 
would learn it so as to ndain it, and afterwards use it. He kept a, 
sin to, on which the words lie ^‘equired most were written, and to 
this he referred when he wished to express himself. He gradually 
learned these words and extended his vocabulary, so that after a 
time he was able to dispens^with his slate. Ho could read tolerahhj 
Well from 9 p'i%ited Look, hut hesitated about some words. Whe'u, 
ho was unable to pro^mnee a ivord he was also imable to ivrite it 
till he had seen it w Jitm ; and then be could learn to write as he 
learned to prnnouncl by repeated trials. At the end of six months 
by continually learnmg new w^ords, he could make himself under- 

* American “ Jrnl. of Tusauity,” Ap. 1851 ; and given, as here, 
in abstract by Dr. Bateman in “ Jriil. of Mcnt. Sc.,” Ap. 1868. 

S S 
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stood pretty well, often, however, employin<:j circumlocution when 
lie could not recall the proper word, somewhat as if he were speak- 
ing a foreign language imperfectly learned.” 

The fact that Words could not bo articulated which 
had just been pronounced l^efore him, though such Words 
were really heard and understood, seems to point to a* 
very low degree of activity of the Auditory Word- Centre. 
The patient's ability to read aloud, however, as in the hist 
case, appears to make it probable that this act may he per- 
formed, as previously explained, without necessarily involv- 
ing the activity of the Auditory Word- Centres. The fact 
that this xicrson had a difficulty not only in pronoun cinf^j 
certain words from sight, hut in writing them, seemed to 
• point to the existence of some small amount of functional 
impairment in the Visual Word- Centre. 

In this relation it may he mentioned that in different 
kinds of Cerebral Disease it sometimes happens that the 
patients’ Speech is entirely limited to a mere imitative 
repetition of words spoken in their hearing, whilst they 
are without tlie power of volunteering any statement — i.e. 
their Auditory Word-Centres respond only to dir(‘(,*t * sen- 
sory ’ incitations, and not at all to ^hose of the ‘ associii- 
tional’ or ‘volitional’ types. In these cases, other causes 
of general mental impairment almost invariably co-exist. 

A defect of this kind (occurring in a woman who w;is }ienn[)h’f^ic 
from cerebral litcmorrhage) has been recorded by Ih’ofessor Behier.* 
She was born in Italy, and bad resided both in Spain and Franco; 
of the three languages she had thus •cquired she had coinpleicly 
forgotten the Italian and Spanish, and liadj onlytrctiflned a most 
limited use of French. In this latter langui^e ahn onhf rcju 
like an echo the words pronounced in lier pfcsence, without, 
ever, attaching any meaning to them. But it the case of a woman 
seen the Sabrntriere by Bateman the mimetic tendency was 
much stronger.* She even reproduced foreign words with wliicli 

♦ “ Gaz. des Hopitaux,” May 16, 1867. 
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she had never been familiar. “In the words that she thus erlwecl, 
her articulation was distinct, although the foreign phrases were not 

repeatedin quite so intelligible a manner as the French Just 

as we were leaving her bedside, a patient in an adjoining bed 
coughed ; the cough was instantly imitated by this human parrot ! 
In fact, this singular old woman re^jeated everything that was 
said to her, whether in an interrogative form or not; and she 
imitated every act that was done before •her, and that with the 
most extraordinary exactitude.” In other cases there is a tendency 
to dwell upon and repeat some one word or idirase that has been 
uttered in reply to a first question, as an answer to those which 
follow — till at last something new may be said which is repeated in 
the same way. A good instance of this may be quoted from 
Trousseau. In a man suffering from left hemiplegia, his usual 
“ stock of words was restricted to these two, ‘ My faith 1 * ; and 
when he was pressed hard, he looked impatient, and uttered the 

oath, * Ore noiii d’un Ccour ! * I asked him what his name 

was, and his occupation; he looked at me and answered: ‘My 
faith !’....! insisted, but in spite of his eflbrts, ho only shook 
liis head with an impatient gesture, exclaiming: ‘Ore nom d’un 
C(Xi\fr.* As I wished to find out how many words he had at com- 
mand, I said to him: ‘Are you from the Haute-Loire ? ’ He 
repeated like an echo, ‘Haute-Loire!’ ‘ What’s your name? * — 
‘ ITauto-Loiro.’ ‘ Your profession ? ’ — ‘ Haute-Loire.’ ‘ Ihit 3 '' 0 ur 
name is MarcouP* — ‘Yes, sir.’ ‘You arc sure it is Marcou?’ — 
‘Yes.’ ‘What department do you come from?’ — ‘Marcou.’ 
'Nor that’s your name»’ But with an impatient gesture, he ex- 
claimed, ‘ Gre nom d’un Coeur.’ ” * 

2. — Defective Action in the Visual Word-Centres. 

No very distinct illustration of this defect has been 
met withj hr^ one whiA is in some respects the converse 
of those rccordedJby I)rs. Hertz and Hun has been re- 
lated by Dr. Hugllings Jackson.f In this example the 

* The same kitid|bf tendency to repeat the last impression made 
on the Yisual deutre is shown by other patiente, when Writing 
(sue Trousseau’s “ Lectures,” Eng. Trans., Pt. I. p. 228). 

t “Brit. Med. Journ.,” 1806 . 


S S 2 
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power of Writing and of Spelling was very much impaired, 
whilst that of Speech was affected only to a more trifling 
extent. 

The man had “ performed the duties of an important government 
office, requiring good education and intelligence,” and ho had been, 
subject to a series of epileptiform attacks, at first principally 
involving the left* side hf the body, but then, after an interval, 
affecting the right side instead. Tho defects in the patient’s 
power of intellectual expression abput to be noted occurred only 
after the second series of fits. Dr. Jackson says, “ After these 
attacks, the patient could talk, but he made mistakes in talking,” 
A few weeks afterwards, he met this patient in the street, and says, — 
“ ITe was then, to superficial appearance, as well as ever. I oh^ 
served that he spoke quite well, and this throuijliout rather a lomj 
conversation. The patient said, however, that he was often at a 
loss for a word ; and his father told mo that his son frequently 
made mistakes in names.” His greatest trouble was in writing — 
he had no difficulty about the mere penmanship, this was excellent. 
“ His trouble was that he could not readily find the proper words, 
and those he wrote he often spelled incorrectly.” He was able to 
copy a paragraph from a printed book well, making only one or 
two trivial errors; but in attempting to write from dictation, he 
made very much worse mistakes in spelling than occur in a cor- 
rected letter which Dr, Jackson has reproduced. When asked to 
spell words, he also succeeded very badly; and thour/h he could 
repeat perfectly even the most difficult sentf-nces, when he aitempfi d 
to read aloud he could not succeed at all, pronouncing almost cverj 
tvord of two or more syllables wrongly. 

• 

Here, again, as in the case recorded by Dr. Hun (p. C23), 
the ability to read aloud was commensurate rather wi-th 
the power of writing than with tliat of speaking. Both 
reading aloud and writing necessarily riquir^ th0 integrity 
of the Visual Centre, and that this v^s more iminiired 
than the Auditory Centre seems clearll indicated by the 
fact recorded above, that the patient OTuld repeat even 
the most difficult sentences correctly — an operation m 
which tb 3 Auditory Word-Centires are called into play, but 
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not the Visual — whilst he could not read aloud the simplest 
passage without making many mistakes. It will be inte- 
resting subsequently to compare these cases with those 
that will bo given under the head of Agraphia (p. G57), 
.especially the other case recorded by Dr. Jackson, which 
might perhaps with equal propriety bp placed here. 


8 . — Damafje to Visual Word-Centre, and of A fferent 
Fibres to Auditory Centres ; together ivith certain defects 
j)roducing Incoordinate Amnesia* 

A case of great interest belonging to this category has 
been fully recorded by Dr. Banks,! but is given here only 
in abstract. The power of apprehending what was spoken 
by others was entirely lost, and the patient’s ability to 
comprehend written or printed characters was ahnost 
lost. His powers of expression by Speech and Writing 
wore correspondingly defective. He seemed to have lost 
all knowledge of the proper use of Words, and was unable 
to express himself in an intelligible manner. 

A f;entloman, aged eJjout seventy-five, after having walked a 
considerable distance on the ‘28tli of March, 1801*, sat down to 
dinner, and proceeded with Iris meal as usual. After a time it was 
observed that some of the water he was drinking flowed from his 
mouth. He put down the glass, calling at the same time in a loud 
•'and excited voice for his wife and the servant who was in the habit 
of waiting upon him, although they were both present. The patient 
was in a very s^rt time semi by Dr. Kidd, who found him sitting 
on the sofa, loolcing Muzzled but ' vidently conscious, calling out 
loudly at intervals fc| the servant and others, but not taking the 
‘^lightest notice of a Jythiug which was said to him. The excite- 

* The considerati^ of the nature of the defects inducing this 
latter condition, will be better deferred till some Examples of the 
condition itself have been given. 

“Dublin Qutyt. Jtnl. of Med. Science,” Feb. 1865, p. 78. 
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ment under which he laboured after a time passed away. He 
endeavoured to speak, but unintelligibly. He walked upstairs un- 
assisted, wound up his watch, went to bed, and slept well. 'I’he 
f.>l lowing morning it was discovered that he was completely deaf, the 
loudest noises not heiny perceiued. His sight seemed good, and there 
v:o,s no motor paralysis of any hind. In speaking he used wrong 
words, so as to be utterly unintelligible. Dr. Banks says, “ he cer- 
tainly recognized me, and was glad to see me, but misnamed me ; 
saying something, but using words without meaning. We endea- 
voured to commnnicMe with him by .writlny, hut it was evident that 
he did not understand it. ‘Have you pain ? ^ was written, and he 
looked at it and said, ‘ Good, good God;’ appearing to read what 
was written.” He attempted to write letters frequently, and his 
address was written two or three times at the head of the sheet 
of paper, some of the words being imperfect. *My dear Sir,’ wns 
written correctly. The sheet was filled with tvrUiiiy, hut no ward 
except * wife* was leyihlef the rest heiny niterly ineaninyless ; same 
letters were correctly formed, hut no words until the end, rvhere his 
name was siyned with a steady hand and in his usual manner. 
He varied, however, in his power of writing at different times; 
occasionally when wished to sign his name, he could not be induced 
to do so, and “ only scribbled some unintelligible words.” It was 
impossible to yet him to understand anything; and his meaning 
could only be guessed at by his gestures, and by the very few 
words at his command, which were almost always misapplied. 

At the beginning of April a remittance was due from his agent, 
and each morning he was much excited; asking frequently for 
something. At length it occurred t^ one of the family to show 
him his agent’s letter, which seemed to please him ; but he was not 
quite satisfied till the money was brought and counted before him. 
Some shillings were not shown to him at first, but when he saw 
them he appeared to know all was right, and, on the money being 
handed to his wife, he seemed contc^ft. His feelings of affec- 
tion for his wife seemed to be intensified^ but §her^ was some 
amount of emotional weakness. I 

He occasionally for a time made use of sobtS one word, applying? 
it in the most varied ways. Wishing to infl'm Dr. Kidd that a 
liniment which he had been using was ncaMy finished, he saiti, 
pointing to th» bhttle, “Bring the cord.” On another occasion, 
speaking of pills he had been taking, he said he bad taken 
** potatoe Very frequently there was some similarity in the 
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woi-d used to the right one ; or it could be discerned that there was 
some association with the idea he wished to convey ; for example, 
giving his waistcoat to be put aside, the watch being in his pocket, 
he said — “ Take care of the break-fall.” He seemed conscious of 
his deafness, and sometimes spoke of it. One day he said he could 
neither hear nor read — “ Only a conld read the wordSf hid 

could not take in the meanhiy." Every morning, notwithstanding, 
ho spent some time if busily engaged leading the Bible and the 
newspapers. This was, doubtless, from the mere force of habit ; 
for on testing him, he read a^ter a, fashion, bid the words were 
unconnected and meaninyless, and had not even the most remote 
CiHinection rvith the teed. His powers, both of speaking and writ* 
ing, were subject to variation at different times. (Lithographs of 
two letters are given by Dr. Banks which, though made up of 
properly written words, are almost unintelligible.) Occasionally 
it was diflicLilt to manage him ; as, if he wished to go somewhere, 
and it was found impossible to comprehend his wishes, he became 
very much excited. He continued in much the same condition 
till the 7th of October, when he had a distinct apoplectic seizure, 
and became completely hemiplegic on the right side of the body. 
He lived only a week after the onset of this more severe 
attack. 

The great mental defects in this case were iinassociated 
with paralysis. The Visual Centro was evidently much 
damaged, since the patient ‘could not understand printed 
or written characters and could only write in an unintel- 
ligible manner. This s*ame conclusion is strengthened by 
tlie fact that he read so Badly — even worse than he spoke. 
His amnesic defects of speech, of the incoordinate type, 
were probably due to some lack of harmony between the 
higher ;^ite]|ectLial aiiTl the Auditory Centres, but this 
subject will presAtly be considered more at length. His 
total deafness, ccipled with his ability to articulate fairly 
well, seemed inAmpatible with the existerxcc of a grave 
lesion of the Auditory Centro itself. , The fact, how- 
ever, of the existence of this complete deafness is an 
exceptional feature, difficult to explaia on the otherwiso 
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probable supposition that originally only one seat of 
disease existed in the Cerebral Cortex. If ordinary right- 
sided deafness had existed anterior to the date of this 
patient’s sudden cerebral disease, his symptoms might be 
explained by one lesion of or near the Cortex of the left 
Hemisphere, seriously damaging the afferent fibres going 
to the Auditory Centre, as well as seriously deranging the 
functional activity of the corresponding Visual Centre. 

Dr. Broadbent'^ has recorded' a clinical history in many 
respects comparable with the foregoing. 

A painter, aet. 42, had been subject to gout, and also to epilepti- 
form attacks, for several years. During the night of October 14, 
1871, while lying on the right side, he suddenly put out the left 
arm and began to jabber — his right arm being quite useless. T’here 
were no convulsions, and no loss of consciousness. Ho was found 
by Dr. Felce, who was called to him, completely hemiplegic and with 
greatly impaired sensibility of his right side, kee2)ing up a rrieaii- 
ingless gabble, in which m-sounds were predominant, and show- 
ing the paralyzed arm. The attcick was followed by much cerebral 
excitement, shouting and violence. He soon regained power in 
the right limbs, but the speech was as imperfect as ever, and he 
was unable to write or copy. His general health became much 
deranged, and finally gangrene of the left foot came on. It was 
soon after this, on Dec. 14, that he was first seen by Dr. Broad- 
bent, who says : — “ He received \is with a profusion of bows and 
smiles, with gestures expressive of welcome .... Ilis speech 
was a mere jabber, in which ‘ Ma ’ and ‘ ^tum ’ were prominent, 
and was accomi)anied with an excess of gesticulation, smiles, and 
facial expression. The gestures were very striking, and apparently 
appropriate when we had a key to their meaning .... ft 
was stated that he said ‘ Yes ’ or ‘ Hcf’ and ‘ Oh, miy ’ at times ; 
but he did not use even these simple words ^efor® us.* He was 
unable to write his own name when his signaftire was before him. 
"When urged to do so, he Siyrihhied off rapidly \im(ithing in which 
letters of some sort were distinguishable atfirs^ut then tailing off 
into a serawV' 

“ He ohvioiisly*dih not tinder stand anything that was said to him; 

* “Medico-Chirug. Transact., 1872,’* p. 170. 
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did not squeeze my hand on repeated requests, hut went on shak- 
ing it and smiling ; put out his tongue repeatedly when told to close 
his eyes, but instantly imitated the act after Dr. Felce. It was 
douhfful how far he recAUjnked the state of his speech; he went mh 
chattering as if he thought he ivas understood, but he also made 
signs .... lie remained in much the same state till his death, 
‘about Christmas; once startling some friends in conversation at 
his bedside by exclaiming ‘ Exactly ’ at a very appropriate moment, 
but not otherwise regaining speech.’* 

In this case, whilst the chimage to the left Visual Word- 
Centre was probably even greater than that recorded by 
Dr. Banks, the left Auditory Word-Centre seems to have 
been equally damaged, as was shown by the patient being 
unable to articulate distinct words, combined with his 
seeming inability to undei'stand spoken language.* In 
another case, recorded by Dr. Broadbent, there was tlie 
same inability to understand what was said, although this 
patiqnt was accustomed to speak not in mere inarticulate 
gibberish, but in distinct though irrelevant words.! Here, 
however, it is said that after the fit by which the lady’s ill- 
ness was initiated, ‘‘ her naturally cheerful expression was 
exchanged for a dull stolid look, and she took no notice 
of anything.” There was evidently a condition of par- 
tial dementia ; but ni a case very brielly recorded by 
Trousseau, in which thftre was a similar irrelevant use 
of words whoso meaning was not realized by the 
speaker, the patient is said to have been in other respects 

* As the right Hemisphere was open for the reception of auditory 
impressions, it ^eems strai%c that Speech should not have been 
(M)rnprehen(?ed Dettei^ii this case. Correct and incorrect auditory 
impressions, simultafeously impinging on the two sides of the 
brain, might, howevjr, produce so much mental confusion as to 
prevent the correct iftpression being realised. 

t A similar inability to understand what was said by himself 
occurred in a patient, whose case is referred to by Winslow (“ Ob- 
scure Diseases of the Brain,” Ox'd. Ed., p. 328). 
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rational in her actions. She rose with an air of kindness 
to receive a visitor, and pointing to an arm-chair, said, 
‘‘Cochon, animal, fichue bete!” whilst her son-in-law, 
who was present, and knew what she really meant, said, 
‘Madame vous invite a vons asscoir'* — the lady all the 
time seeming quite unconscious of the insulting expres- 
sions she had used. ‘ 


b. Incoordinate Amnesia. 

The cases detailed in the foregoing section arc so dis- 
tinctly illustrative of the ‘ incoordinate’ defects of Verbal 
Memory, that we are now naturally led on to a considera- 
tion of the mode in wliich these defcc^ts are to be explained. 
Such a wrong use of Words as was encountered in the 
case recorded by Dr. Banks, is to bo met with in very 
various degrees, and constitutes, in fact, one of the ihost 
common defects of Speech from cerebral disease, some- 
times showing itself more especially in Articulate Speech, 
sometimes more in Writing — or, in other cases, the power 
of Expression may be nearly equally bad in both. 

Patients are mostly aware when they malce use of wrong 
w^ords in either of these modes of ^expressing themselves, 
though this is by no means always the case. 

Lays* alludes to an instance where the person was continually 
in the habit of using one word for another without being con- 
scious of his mistakes. One day, he pronounced the word 
* jardin,* wishing to say ‘ lit,’ repeated it several tl^es-^and after- 
wards fell into a violent passion because his Ijrders were not com- 
prehended. He was then made to write the wcLjd he wished to make 
use of, and the sujlit of the proper written syi|,bols soon convinced 
him that the word which he had actually uttt/ed was not the one 
he had intended#to*utter. 


* “ Syst. Nerveux,” 1866, p. 395. 
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Elsewhere* the writer has given a very good specimen 
of a letter written by a well-educated Amnesic patient, 
full of mistakes, and in some places even unintelligible, 
yet, judging from the lack of .erasures, these mistakes 
were apparently not observed by the patient himself. 

The range of these incoordinate defects of Verbal 
Memory is very various, both as to * frequency of occur- 
rence and as to extent. It may be that a wrong word is 
only occasionally used in Speech or Writing, or such errors 
may be much more frequent and more extensive. It may 
be so extensive as to make the person’s Speech or Writing 
wholly irrelevant, and even quite incomprehensible — owing 
to the utterly confused collocation of actual words. 

Winslow has recorded an instance of this extreme 
form of amnesic Speech, occurring in a gentleman who 
had partially recovered from an apoplectic attack. 

** He could speak, but what he said, without a key to its inter- 
pretation, was quite unintelligible. Ho was able to 2 )ronounce words 
with great clearness, but they were sadly misplaced and transposed. 
What he said was written down, and the words placed in their proper 
order, liy adopting this course his family were able clearly to 
comprehend his wishes. This state of brain, and impairment of 
speech, -continued, with slight intermissions, for nearly a fort- 
night.” 

• 

The letters written b;^ Dr. Ihinks’s patient afford an 
example of a similarly extreme defect in intellectual 
' expression by W’^ritiiig, Though made up of properly 
written words, the mo||[e of collocation of the latter was 
such as cAvey^o intelligible propositions. 

The explanaticp of the ‘paralytic’ defects of Verbal 
Memory is a prollem presenting no particular difficulties ; 
but the same cyinot be said in regard to these ‘inco- 
ordinate ’ affections. There is an obvid\i8. reason, how- 

“ Paralysis from Brain Disease,” 1875, p. 189. 
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ever, why both the kinds of Speech-defect should be most 
frequently met with in regard to Names of persons, places, 
and things. In the slighter cases, it is only these 
altogether special ‘ associations ’ which either cannot bo 
recalled at all, or which are misapplied. It is rarer to 
find such defects extending to substantives generally and 
to other parts 6f speech. As Broadbent truly observes ^ 
‘‘ Words other than names, such as adjectives, verbs, etc., 
constituting the framework of a sentence or proposition, 
stand on a diftereiit footing ; they are not associated 
with and tied down by visual, tactual, and other percep- 
tions. Their use implies a previous knowledge of words 
as names, and mark a step beyond the act of naming. 
. . . . They are not substantive intellectual sym- 

bols, but intellectual agents, instruments and products 
of intellect in action, not presentations impressed upon it. 
It is with respect to this class of words that it may be 
strictly said that ‘ we think in words,* for we often 
think [in part] in revived visual impressions not reduced 
to words. The convolutions concerned in their employ- 
ment, will bo such as are the seat of the intellectual 
operations, the superadded convolutions.’* ^ 

Even though we do not quite agree with Broadbent, in 
supposing that Intellectual Action* and its Centres can bo 
so distinctly separated from Perceptive Action and its 
Centres ; f or, in regard to the divisions which he seeks to 


* “Med. Chirurg, Trans. 1872, p. 192. 


t H. Spencer says (“Principles of Psychology," (]^ol. d- p. 

“The proximate components of Mind are of tw.^ broadly contrasted 
kinds — Peelings and the Relations between Pe (lings.’’ But a close 
examination of what is said in regard to ‘ Relatic^is * makes it evident 
that they correspond with what has been spoken^f generally in this 
work as the ‘ cognitive side of Peeling.’ Though H. Spencer names 
two components of Mind and describes them apart, this is only for 
descriptive jiurposes, since he himself adds ; — “ Strictlv sneaking 

%> 
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establish between these modes of activity ; or with his 
explanation of the process of Naming — still what he 
says above is very suggestive in regard to possible differ- 
ences of seat in the organic substrata loi Words accord- 
ing as they do or do not denote external objects.* It is , 
reasonable to suppose that the hitter might be in more 
immediate relation, with Percej)tive Oentres, whilst those 
of ether parts of Speech would be much more intimately 
associated with regions whe»e Perceptive Processes become 
merged into more complex and more purely Intellectual 
Operations. 

Roughly speaking, therefore, the inability to recall 
names, or the miscalling of persons, places, or things, 
would be defects going with injuries to or altered states of 
Perceptive Centres, and might exist wdth comparatively 
slight impairment of Intellectual Activity ; whilst, on the 
othej hand, the extreme forms of Amnesia, in which wholly 
irrelevant propositions, or a mere jumble of words are 
uttered, are more likely to be associated with marked iin- 

iioitlier a Feeling nor a Itelation is an iiidepondont element of Con- 
sciousness” — wliich is exactly what Aristotle and many succeeding 
pliilosophers have said, yi ellect if not in actual words, in regard to 
FeMing and Cognition (see p. 182). The discrimination of a Feeling 
as such and such neccssaril}^ comprehends its ‘ relations ’ of degree, 
hind, place, and time. And iis H. Spencer says (loc. cit. p. 187): 
— “Mental actions, ordinarily so called, are nearly all carried 
on^ in terms of those tactual, auditory, and visual feelings, which 
exhibit cohesion and consequent ability to integrate in so con- 
spicuous a maiiaer. Our iiftellectual operations are indeed mostly 
confined to^he nudit#*y feelings (as integrated into words), and the 
visual feelings (as iiitigrated into impressions and ideas of objects, 
their relations, and tjeir motions).” 

* Loc. cit., p. 181| See also Dr. Bristowe’s Lectures “ On the 
Pathological Kelatidis of Voice and Speech” (“Brit. Med. Jour- 
nal,” May 10, 1879, p. 691), for a succinct statement of Broadbent’s 
view. 
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pairment of Intellectual Power — to be dependent, in short, 
upon injuries or altered states of parts of the Brain more 
specially concerned with such modes of activity. 

The process of Thought seems to bo in a measure 
independent of the Words in which the Thought is 
expressed, so that perhaps we * think in words ’ somewhat 
less than is generally supposed. Its partial independence 
ai^pcars indicated by the fact that we "select’ our expres- 
sions. Thus, according to the* different shades of meaning 
sought to be conveyed in our propositions, we often 
deliberately weigh or " select,* the substantives, adjectives, 
and verbs, that we may deem most expedient for the 
complete communication of our thoughts to others. This 
seems to indicate some separate process by whicli Thoughts 
or ‘ Relations ’ associate themselves with Words — one 
which is perhaps a little less automatic than that by 
which external objects, real or in " idea,’ associate them- 
selves with Words. 

In the ‘ incoordinate defects ’ of different grades, it is tliose 
particular verbal relations or associations, which are dis- 
turbed. How, we know not. The error may be in the mode 
of activity of the Perceptive or Thought-Centres, or perhaps 
in their related Word- Centres ; the "effect, in . either ca-se, 
being that erroneous associations become established, so 
tliat, as a consequence, incorrcqji or meaningless proposi- 
tions are uttered. 

In the very extreme forms of this incoordinate defect, 
in which Speech is reduced to a iuere jabber of meaning- 
less sounds, we probably have to d^ wilifi rfbme grave 
defect, either in the Auditory Word^pentres or iu the 
Kinoestlietic Word- Centres. There ary two types of such 
cases ; one like that recorded by Broadj^ent, in which the 
person who «jat)bors, also does not understand wduit is 
said to him ; and another like that of Dr. Osborne, 
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about to be related, in which, whilst only able himself 
to talk gibberish, the alFcctcd person clearly understands 
everything that is said to him. These two types are 
perhaps best explicable by defects in the respective regions 
above indicated. 

Similarly extreme defects exist in regard to Writing, 
and they may perhaps be similarly explained by some 
defect in the Visual Word-Centre, in cases where the 
power of Writing is reduced to a mere meaningless as- 
semblage of letters with inability to comprehend written 
or printed words ; whilst, where this latter disability does 
not exist, the incoordinate Writing may be a mere defect 
in execution, due to some derangement of the Kinresthctic 
Word- Centre — and this seems a possible explanation, in 
part, of the case of the sailor recorded at p. C 60 . 

Defects of this type, so slight as to belong to quite the 
other end of the scale, also exist, in which strange mis- 
takes may, habitually or not, bo made in the articulation 
of some words, or in the mode of writing them. Dr. 
Winslow mentioned the case of a man who, after an attack 
of paralysis, always transposed the letters of words in his 
mode of pronouncing them ; thus, ‘‘endeavouring to say 
the wo!^ ‘/lute ’ he ftaid tufic, yuc for ‘ cup,’ gum instead 
of ‘ mug.’ ” Again, th#re may be an almost invariable 
substitution of certain letters for others — such as a -sr for 
an / in every word which should have contained the latter 
* letter. 

Defects in pronuncia^on and defects of spelling of this 
kind are «xtmnelj common with patients who are slightly 
Amnesic, and to 1 very slight extent may indeed be met 
with occasionally Jn persons who are otherwise thoroughly 
healthy. Such Arsons when meaning to use one word 
actually employ another — being sometinSeSi conscious of 
their error and sometimes not ; and the same holds good 
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for tlieir mistakes in writing — these may be detected at 
once, or not till the occasion of some subsequent perusal 
of such writing. Persons who are liable to make such 
mistakes in expression, may occasionally altogether wrongly 
apprehend some word which they hear spoken or which 
they see in writing or in print, in a way quite surprising 
to themselves, whonHhe mistake is reoognized. 

4 . — Damage to Comm{ssure» between the Auditory and 
the Visual Word- Centres, 

On reflection it will seem clear that there must be at 
least two sots of commissures between the Auditory and 
the Visual Word-Centres ; the one (a) for transmitting 
stimuli from the Visual to the Auditory Centres {visuo- 
anditory fibres) f as in the act of reading aloud, or naming 
at sight ; the other (b) for conveying impressions in the 
opposite direction, i.c., from the Auditory to the Visual 
Centre (audito-visual fibres), as in the act of writing from 
dictation. 

Both sets of commissures may be simultaneously 
damaged, and this seems to have been the cause of the 
most notable defects met with in two of the writer’s own 
patients, whose cases arc subjoined” The first"^f thfem 
came under observation at the l^ational Hospital for the 
Paralysed and Epileptic, in but nothing similar wjis 

encountered until last summer, wdien the second example 
was seen. The writer is not aware that any other such 
cases are on record. k 

^ f, 

A middle-aged woman had an attack of tight Hemiplegia with 
pretty complete Aphasia in the early part of Hie year 1868 . In the 
course of some months she improved consideif hly, though she con- 
tinued subject to ‘fits* at intervals. After twelve months she was 
able to walk abouli with a little assistance, though she was still 

* “ Paralysis from Brain Disease, 1875,*’ p. 201, 
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incapable of using the right hand and arm. She seemed thoroughly 
to understand everything that was said to her, and had in great 
measure regained her power of si^eakiiig. She could repeat almost 
any word uttered in her hearing, and this without hesitation, 
though she could not read even the •simplest words in large type. 
.Yet the same words could be uttered with ease immediately on 
hearing them pronounced. copied the written word ‘ Jvo/i- 

don* fairly ivell witlither lift hand, hut c*ould fiot write ‘cat* or 
‘dog, after merely heading them pronounced, though she could 
spell the same words quite wtJL She could not even write tho 

iirst letter of either of these words Twelve months 

afterwards she was found to be in much tho same condition. 
Could not read aloud even such simple words as ‘ and ’ and ‘ for* ; 
coidd point out any letters which were named with the greatest 
case, but could 'not herself name the letters when they were pointed 
to. She had improved in her power of walking, and was also 
able to talk rather better. She could read a letter silently so as 
to understand it, though she did not always seem to comprehend 
what she read in a newspaper or a book. When seen again, four 
years ^afterwards, this patient was found to bo in much the same 
condition. 

It is worthy of note tliat during tho early stages of this 
woman’s illness, she seemed to be suffering from ordinary 
Aphasia with right- sided paralysis ; it was only after she 
recover^ her power ql Speaking that it was possible to 
obtain evidence of the more special defects above illus- 
trated, which pointed, as may be seen, to a severance of 
functional relation betweci the left Auditory and Visual 
AVord-Centres. Thus she could not read aloud, neither 
could she write from dictation — both of them being acts 
which req^iro||.he ^njoint activity of these two Centres.'*^ 
But she could freely articulate words which she heard, 
uiid could copy ^Iriting easily with her left hand — 
because these werJ acts, one of which called the Auditory 

* Especially in pewons not very well educated' and therefore not 
thoroughly habituated to the performance of these processes. Ex- 
ceptions, however,^may occur to this rule (see p. 624). 

T T 
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and the other the Visual Centre into operation inde- 
pendently of the other. The act of copying was in this 
case performed, as a result of recent practice, with the 
left hand ; so that the stimuli operating upon the motor 
centres (in the right corpus striatum) must have imine-,, 
diately emanated from the Visual Centre of the right side. 

The details of the second case, which is even more 
interesting, are fuller. 

Thos. A , a tinplate worker, forty-two years of age, was 

admitted into University College Hospital, March 12, 1878. Three 
months previously he had become suddenly paralyzed in the right 
side of the body, without convulsion or loss of consciousness; 
Imt after the attack his speech was found to be almost lost. When 
admitted, he had become able to move his right leg and arm slightly ; 
though there was still some diminution of sensibility on this side 
of the body. There was a slight amount of right facial paralysis, 
and some deviation of the tongue to the right. Sight and hmyhtr/ 
were good. He continued to improve slowly, and on April ^ 
condition is thus described : — He recognizes common objects, but 
cannot name them, repudiates a false name, and recognizes 
the real one at once when he hears it. Can never remember his 
own name till it is suggested to him. On being asked to repeat it 
(Andrews), after a few trials which vary each time he pronounces 
it ‘ Anstruthers * or * Anstrews.’ His first name (Thomas) seems to 
come more readily, and he can ofterf attempt , tliifr withpiit 
prompting. But either after it has bgen repeated to him, or when 
he says it spontaneously he pronounces it ‘ Towvers.* The letter ‘ L ’ 
is dijfficult for him to utter, sometimSs he pronounces it like a ‘ D* 
and at others like a ‘V.' He has been taught to count, and cati 
fairly 'pronounce the numerals from one to tivelve; after twelve* he 
is uncertain, the articulation and orde^becoming rapidly worse. He 
is conscious when he makes a mistake, but cannoi|; coijrect himself, 
and ends in a hopeless muddle. In reading ;rom a hook the words 
he pronounce? have no relation to the pri\ either in length ur 
sound — neither does he seem to understand vc fatten characters, as he 
will not attempt to answer a question wriUe\fin a slate, though he 
will at onee ev/Iedvour to respond when the s iipfie question is od to 
him orally. He, however, recognizes numerals from one to nine 
when written, and is conscious when they are not placed in regular 
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order. He cannot name any coins, but seems to have some idea of 
their relative value. He indicated on his fingers that sixpence was 
worth six pennies— not being able from sight to utter its name. 

On April 16, the patient had two slight fits, which, judging from 
the symptoms, were apparently due to some further slight damage 
to the left side of the brain. After neither of these fits did his 
speech seem to be worse. The second, however,^ was followed by an 
aggravation of the rig4it-sided paralysis, though there was no further 
impairment of sensibility. Three days afterwards this increase of 
paralysis had passed off, and the patient was again able to walk 
about the ward. 

Two weeks afterwards, it was noted that his speech was as bad as 
ever; he could name any numeral written down and 'pointed out to 
him, and he could also correctly add small columns of three or four 
figures; but he altogether failed to name individual letters of the 
alphabet, however plain or large they might be. He could recognize 
common objects, such as a dog, a fowl, or a tree, in an engraving, 
and point out any one of them w'hen asked to do so. But he coiild 
not volunteer the name even of the most familiar object to which 
he pointed. 

May 8. — Asked successively to name large, separate, printed 
capitals 0, K, and G from sight, on each occasion he said ‘ P,* and 
on D being pointed to, he called it * M ' — though he repeated the 
name of each of these letters without a moment’s hesitation after 
hearing it pronounced. Although there is this inability to name let- 
ters from sight, the patient now seems to understand simple sentences 
written'Mr printed ; thi/s, when the sentence “ Have you a wife ? ” 
was written on a slate, it seemed perfectly evident that he under- 
stood the writing. His condition, however, in this respect seems to 
vary from time to time. In the sentences, the meaning of which he 
comprehends, he is still quite muihle to pronounce the individual 
^cords from sight, though after hearmg them uttered he can articulate 
them at once, more or less distinctly. 

Two dayi afir, h.^ as observed reading something in the news- 
paper, and on being fcked if he understood it (the report of a case 
of poisoning in a police-court), he at once said he did, and unmis- 
takeably indicated hi his gestures that this was true. With his 
left hand he could^rite his 0W7i na/)ne after a copy, hut not 
easily without, anen sometimes not at all. A less familiar word 
he did not even attempt to write from the sound, eve7i %vhen it 
had been distinctly heard and comprehended. 
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It will be observed that this patient’s state on April 2 
was distinctly different from what it became towards the 
end of the month, after the two fits. At first he had no 
power of recalling the fiames of common objects — ho 
could not name them at sight. Neither could he volun- 
tarily recall his own name. And when, after prompt- 
ing, he endeavoured to repeat words, his pronunciation 
showed distinct defects of the incoordinate type. In 
attempting to read aloud from a book these incoordinate 
defects were so marked, as to make what ho read quite 
unintelligible; neither did he seem to comprehend any 
written characters except simple numerals. Towards 
the end of April, however, whilst the patient’s utterance 
had become more distinct in repeating words which he 
had heard, he could not even emit an unintelligible jargon 
in attempting to read. At the same time he had become 
able to understand what ho read, though he still conic? not 
name even a single letter at sight, nor could he write a 
single word from dictation — ^botli these latter processes 
requiring for their performance the proper relation 
(and therefore the integrity of the commissures) between 
the Visual and the Auditory Word-Contres. Th^ part of 
the commissure which conveys stimuli from the Visual to 
the Auditory Word-centres (as in reading aloud) seems to 
have been more extensively damaged after the two fits 
than it w^as before. The fact, however, that he could read 
and pronounce the names of numerals suggests the possi- 
bility that these more familiar units m^/ h^ve been 
articulated by means of stimuli passifc direct from the 
Visual Word-Centre to the half of the V.iu^sthetic Word- 
Centre concerned with Speech- Movemerrs (see p. 624). 

Dr. BroadJ)eftt has recorded an extremely rare and 
interesting result of cerebral disease, closely allied to that 
found in the two cases just related. His patient, however. 
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had not lost the power of ‘voluntary’ or of ‘associational’ 
recall in the Auditory Word-Centre. He spoke, in fact, 
liuently, and with only an occasional hesitation ; though 
he was unable to write at will. 

The patient, a gas-inspector of remarkable energy and intelli- 
gence, after an acute cerebral attack had entirely lost the i^ower of 
naming objects at sight and of reading. He falkod fluently and 
intelligently, scarcely ever made a mistake in words, but was some- 
times at a loss for a name, especially of a street, place, or person. 
He was, however, quite unable to read, or even to name a single 
letter; the only exception being that he recognized his own name, 
whether written or printed ; though even here he did not know 
whether the Christian names or initials only were given. Whilst 
this was the case, he wrote correctly from dictationt and took notcf! 
of my instructions^ which he could not read a moment afterwards,* 
He explained that he was forgetful, and his wife would make 
them out. If a hand, or an article of clothing, or any familiar 
object were shown him, he was quite unable to name it; while if 
the uame came up in conversatum he spolce it without hesitation. 
Asked the colour of a card, he could not give it. “ Is it blue? ** 
“No.” “Green?” “No.” “Ked?” “Well, that’s more like 
it.” “Orange?” “ Yes, orange.” A square and a circle were 
drawn, and he was asked to name either. He could not do it; but, 
when the circle was called a square, he said, “No, but that is,” 

pointing to the proper figure. 

, ■» 

The injury of a sii^le set of commissural fibres (the 
visuo-auditory), with th^ addition of some slight defect 
in the Visual Word-Centre, would produce such a 
cx)mbination of symptoms as are above recorded. We 

* In the m^e detailed Account of this case it is said he could 
not read iRs own wilting “ an hour later.” It seems that there was 
more than an inabijty to read aloud. He showed an inability to 
comprehend words Jfrom defect in the Visual Word-Centre), such 
as did not exist il the previous cases, though there was no 
inability to recogrize the nature of common, objects or even of 
geometrical figure! — “ Brit. Med. Jrnl.”, April 8,* 1876, p. 434, or 
with more details in “ Med. Chir. Trans.,” 1872 (Case viii.). 
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have supposed that impressions made on the Visual 
Centre usually pass from it to the Auditory Word- Centre, 
and thence through the Kinaesthetic to the Motor Centres if 
the Sight-impressions are to be named articulately. But if 
merely this set of commissural fibres wore damaged, the 
individual would be left with his Sight intact, and with 
his ordinary powers off Speech intact — ^hp would simply bo 
unable to read or to name from sight, because of the block 
between the Visual and the Auditory Centres. In this 
particular case, however, the block seems to have been 
only partial, since the man could still write from dictation 
— a process usually necessitating the passage of stimuli 
from the Auditory to the Visual Word-Centres, befoi*e the 
excitation of those parts of the Kinaesthetic Word-Centres 
concerned with Writing-movements and whence issue the 
appropriate outgoing stimuli. 

Still it is possible that both the sets of commissural 
fibres may have been destroyed, and that in this case of a 
better educated man, his more familiar Writing-movements 
may have been evoked by the passage of stimuli direct from 
the Auditory to the Kinaesthetic Word-Centre — rather than 
by way of the Visual Centre (see p. 644). 

Dr. Broadbent interprets this case quite differently':' His 
opinion, however, as to the separa/o existence of a single 
‘ naming centre ’ altogether api^rt from the Perceptive 
Centres, is not here adopted. We have postulated in- 
stead the existence of three ^ word-centres ’ as important 
and intimately correlated parts of t^e more 
tory. Visual, and Kinaesthetic Centres.* f 

* It is difficult to get evidence of the exl jstence and special 
activity of the last-named component of this riacl, but since the 
above was written tjie author has seen in Yon liemssen’s “ Cyclo- 
psedia,” vol. xiv. p. 776, a short abstract of an ex< ^edingly interesting 
case (recorded by Westphal) having some relations with that above 


general Audi- 
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The three principal cases recorded in this section are 
particularly important from a psychological point of view. 
They enable us to trace Will or Volition to its sources 
— when we find persons unable to Will an act in response 
to a Visual Impression, though they can at once and 
without hesitation effectively Will the same act in response 
to a related Auditewy Impression — or vlce^ versa (pp. 353, 
355). 


B. Aphasia. 

5. — Damage to the first parts of the outgoing tracks 
leading from the Cerebral Word-Centres to the left Corpus 
Striatum. 

Hitherto we have been considering defects resulting 
from abnormal conditions of the Auditory and Visual 
Word-Centres themselves, or from injuries to their 
* afferent ’ or ‘ commissural ’ fibres ; now wo turn to the 
illustration of the results following upon injuries to tho 
‘ outgoing ’ fibres from these and from tho Kina3sthetic 
Word-Centres — those which bring them into relation with 

given, and affording also some information of the kind referred 
to*. OrtTiis "patient it fs said: — “He could write very well from 
dictation, hut shortly after he was unable to read the words he had 
written, and he suffered in general from complete alexia 
inability to comprehend written symbols]. By moans of a 
stratagem, however, as ho himself very clearly explained, he suc- 
ceodod in reading the word he had written from dictation upon the 
tablet. He pa^ed his fin^r over each letter of the written word 
as if he wdfe witin^it again and read it while so doing. He then 
in ado a sort of calcijation and counted off the sum of the separate 
letters.” Here anlarently the Kinmsthetic Impressions from 
Writing-niovementia were capable of rousing related parts of the 
Auditory Word-Ce Jbre so as to enable them Jo act through the 
other portion of tl|b Kinaesthetic Word-Centre, land thus evoke 
Speech-movements. 
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the Motor Centres, concerned with Speech-movements 
and with Writing-movements, in the Corpus Striatum. 

The relation existing between tho Auditory and Visual 
Word- Centres and the parts of the Kinjesthetic Word- 
Centres to which impressions derived from Speech-move- 
ments and Writing-movements respectively proceed, are 
confessedly uncertain i There is reason to believe, how- 
ever, that the incitations- which evoke Speech start 
primarily from the Auditory * Word- Centre, and then 
pass through the corresponding Kinfcsthetic Word-Centre, 
so as to rouse it into conjoint and practically simultaneous 
activity. Similarly, there is reason to believe that tlie 
incitations which evoke Writing-movements start primarily 
from tho Visual Word- Centres, and thence pass through 
the related parts of the KinaBSthetic Word-Centres. 

It is clear, therefore, that destruction of the Auditory 
and of the Visual Word-Centres w-ould cause inability to 
Speak and inability to Write. These disabilities would, 
however, be associated with such defects as have been 
considered under the head of Amnesia — viz., inability to 
comprehend Speech and Writing, together with inability 
to revive Auditory and Visual ideas of Words. 

What we are specially concerned With in tlie^tl’eseiit 
section are the results that follow upon damage to the 
outgoing fibres leading from the Jeft Auditory and Visual 
through the Kinaesthetic Word-Centres, to the great Motor 
Ganglion beneath — viz., the Corpus Striatum. 

It would seem that these two sets of outgoing channels 
are, at all events in some parts of theb cofrse* situated 
moderately close together, so that thej|may be destroyed 
simultaneously by some small lesion, ani that too without 
the implication of outgoing fibres for ifnh-movements— 
and consequently without the associatioi|of a right- sided 
paralysis. One of the two cases originally described by 
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Broca, in 1861* — that of Lelong — evidently conformed 
to this type, but as he did not come under observation 
till some time after the commencement of his malady, wo 
select a fairly typical case recorded by Dr. Bateman. f 

A waterman, fifty-one years of age, and previously healthy, 
after helping to unload a vessel at Yarmouth on December 9, ISO t, 
went to a tavern with the intention of as^cing fbr some beer, when, 
to his astonishment, he found himself unable to speak. Only a 
few hours previously he had called at a merchant’s ofiice and 
arranged about a fresh cargo, so that at this time his aptitude for 
business was in no wise impaired. His loss of speech was ac- 
companied by no ordinary paralytic condition, for although 
speechless, he, on the same evening, removed his vessel from one 
])artof the river to another, and the next day he helped to reload it 
with a fresh cargo before starting for Norwich by rail. On reach- 
ing home his friends were alarmed at finding that his vocabulary 
was limited to the words, ‘‘Oh dear! Oh dear!” There was no 
marked improvement till the expiration of a fortnight: after this 
period he seems gradually to have become able to utter a few more 
words. When seen by Dr. Bateman about three months and a 
half from the commencement of his illness he looked well, seemed 
remarkably intelligent, and appeared to understand everything 
that was said to him. He was still unahle to give expression to his 
ideas hy articidate language, except in a very imperfect ma,nner, 
though he could move his tongue freely in all directions. He had 
Inicn to write Jimntly before the da,te of his ilhiess, hut he 

had almost lost this po'wer^ as well as that of speech. Although 
just aide to 'ivrite one or two tvords^ he could not write a sentence. 
Yet there 'ivas no trace of 2^^rahjsis of limbs, cither on the right or 
on the left side. 

•Later this man became subject to fits at short intervals. 
A fter nearly two years, he^was again admitted to the Hospital, on 
January Ig, 1§()7. lie then seemed in the possession of his usual 
intelligence, and waf still free from any signs of paralysis in limbs 
or face. He had rAained the power of speaking to a considerable 
extent, and now su.^red from a different kind of defect — he had 
become Amnesic ralhcr than Aphasic. “ He understands all that is 

* “ Bullet, djla Soc. Anatom.,” Aug. and Nov. 1861. 
t ** On Aphasia,” 1870, p. 65. 
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said, but is affected with an incapacity to employ substantives, 
having lost the memory of words as far as that part of speech is 
concerned, and he will make use of a periphrasis to avoid using the 
substantive required.” A few months afterwards he becatrie para- 
lysed, and soon after that so demented as to necessitate his removal 
to the Borough Asylum. 

This, in its first stage, seems to have been a case of 
Aphasia pure a‘nd simple. Trousseau records several 
instances in which such a condition lasted only a few days 
or perhaps only a few hours, owing to the existence of 
some temporary abnormal cerebral condition — induced 
occasionally without apparent cause, and at other times as 
a sequence of some great excitement conjoined with ‘ worry’ 
or over- work. Such cases are not extremely rare ; two 
or throe of them have also fallen under the notice of 
the writer. 

When however an actual lesion exists, of greater mag- 
nitude than that which may have been present in the first 
stage of Dr. Bateman’s case, it often happens that the 
Aphasia co-exists with a paralysis of the right side of the 
body — or a right Hemiplegia, as it is termed. 

The larger the lesion, too, the greater is the chanct 
that the Visual or the Auditory Centres themselves, oi 
some of their commissures may be seriously fiffifaged* : 
with the effect of producing an 'admixture of Amnesii 
symptoms with those of Aphasia. Such additional symp* 
toms may reveal themselves either from the first, or onl^ 
as the individual begins to recover from the Aphasic 
condition. ^ 

Three instances of complications of th' s soft will now be 
given. The first of them being a '^ase recorded b} 
Trousseau, in which Aphasia was produce i by a lesion that, 
at the same time, caused right-sided j^iralysis togethci 
with inability** to read — the latter disaWlity being prob- 
ably due to damage of the left Visual Word-Centre. 
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M. X — , aot. 57. One evening whilst rising from his chair to 
shake hands with the curate of the place, he suddenly staggered, 
stammered, and dropped into the arms of his visitor, who had 
rushed forward to support him. He remained in a most profound 
apoplectic stupor for more than ten hours with complete paralysis of 
the right side. For a few days he gave only obscure signs of intelli- 
gence ; but from the time of this seizure he entirely lost the faculty 
of speech. A few months afterwards (summer gf 1860), he almost 
completely recovered the i^ower of moving his right leg, but the 
movements of his right arm have always been impeded. 

In the spring of 1863, M. X~ was seen by Trousseau, who gave 
the following account of him : — His face was intelligent, cheerful, 
and full of benevolence. He seemed by his gestures, and especially 
by the expression of his face, pleased to see me. He could not 
S[>eak, and only uttered in a faltering voice unintelligible words, in 
which the monosyllable ‘ Yes ! * returned frequently. When I 
questioned him he answered ‘ Yes ! * to everything, even when he 
shook his head in denial. * How old are you ? * — ^ Yes ! * How 
far back do you date your illness ? * — ‘ Yes, * &c., &c. It could be 
easily seen, however, that he was not satisfied when the word * Yes* 
was tvrongly applied, for he then made an impatient gesture. He 
looked pleased, on the contrary, when the word was used appro- 
priately. He sat to table with us at dinner, used his left hand, 
and ate with great propriety. Ho looked after his guests during 
dinner, and took part in some of the discussions carried on. When 
the delicate character of the lamb of the country was praised, he 
nodded^assent ; whilst qn some of the guests saying that the kid of 
the country Had a better flavour than the lamb, he shook his head 
in disapproval. He made sfgns to the servants to hand the wine, 
and when wine of an esteemed vintage was going round he made 
signs that it should bo drunk iri preference to the rest.” 

He played every day at ' all-fours,’ hiding his cards behind a 
pile of books, and using his left hand. Pie often won when playing 
with the curat^the doctor, *or his son, without their allowing him 
to do so 011 ^ Oi kincAess. His son and Dr. Laffite declared to me 
that he jdayed as wJl as he ever used to do. Sometimes his son 
sits by his side to acjlise him, and stops him when he takes a card 
which seems not to Ic the proper one, but he insists on playing as 
he likes, and by wiriing the game proves to hk adviser that if he 
sacrificed a card it was because he could thus improve his game. 
Although his son manages all his affairs, he insists on being con- 
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suited about his leases, contracts, &c . ; and his son stated to me 
that his father indicates perfectly well by gestures which are 
understood by those habitually around him, when certain portions 
of the deeds do not please him, and that ho is not satisfied till 
alterations are made, which are^ as a rule, useful and reasonable/* 

Although his sight was good he could not read, or at least under ^ 
stand the sense of what he read; he listened with ‘pleasure^ hoioever, 
when he was read, to. ICe could viot put together loose letters of 
the alphahetf nor ivrite with his left ha,nd. 

“After dinner,” Trousseau says, “ I tried to make out how far he 
could give proof of intelligence.* As he always answered ‘ Yes^ I 
asked him whether he knew how that word was spelt, and on his 
nodding assent I took up a large quarto volume, with the following 
title on its back : ‘ History of the Two Americas,’ and requested him 
to point out the letters in those words which formed the word ‘ Yes* 
Although the letters were more than one-third of an inch in size, 
he could not succeed in doing as I wished. By telling him to seek 
for each letter in turn, and by calling out its name, he managed 
after some hesitation to point out the first two, and was very long 
in finding the third. I then asked him to point out the same 
letters again, without my calling them out first, but after looking at 
the book attentively for some time, he threw it away with a look of 
annoyance, which showed that he felt his inability to do as 1 
wished him.” 

It has often happened to him to say a word which he has not 
uttered for a very long time, as if an old impression were reviv(?d 
in his brain. Some time ago he dropped his handkerchief, and as 
a lady near him picked it up and gave it to him, h»; sail to h^r, 
“ Thanks / ” in a loud and distinct v»i)ice. His friends were de- 
lighted at this, and thought that he had recovered his speech. He 
was asked, implored, to say the word again ; it was repeated to 
him several times, but all was in vain, he never could succeed : ami 
this was the general rule, he could not even repeat the simpled 
sound irJiich had been uttered before hir/v. He told bis age correctly 
in a most remarkable way, with his fingers. 

ii 

♦ What follows, however, is rather to be ^garded as evidence 
bearing upon the functional activity of his Tisual Word-Centre, 
which was very defective. It constitutes no npasure of the degree 
of the patient’s intelligence, since this (as wown by a previous 
paragraph) was well preserved. 
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In the case next selected, the Aphasia was also asso- 
ciated with right-sided paralysis, but it was accompanied 
by considerable mental impairment, and there was evi- 
dence of the existence of damage not only to the Visual 
but also to the Auditory Word-Centres. The patient 
could neither Speak nor Write. Moreover, she did not 
seem to be able ' to apprehend the meaning of spoken 
words, and she was equally at a loss to understand written 
or printed characters. This case was recorded by Dr. 
Bazirc.^ 

“M. W — , let. 21, a young woman of short stature, was admitted 
as an out-patient at the National Hospital for the Paralysed and 
Fh^deptic on January 10, 1865, sulTering from imperfect right 
hemiplegia, and complete aphasia. To all my questions she invari- 
ably answered, ‘ Sapon, Sapon.’ It was ascertained from a relative 
who accompanied the patient, that she had been seized with para- 
lysifl on the right side three months previously. The actual attack 
was sudden. She dropped down senseless, remained in a comatose 
condition for several days, and when she recovered her senses could 
not utter a single word beyond ‘ Sapon, Bapon,^ which she has ever 
since kept repeating at every turn. The paralysis was not com- 
plete after the first few days.’' 

“ When I first saw her the patient had walked to the hospital, a 
d'istance'Sf wbout two miles from her residence. Her face was full 
ot‘ expression, and her eyeg beaming with intelligence; yet it was 
manifest that these appearances were deceptive, and that her 
intellect was very much impaired. She could not be mada to un» 
deratand at once, by wonh alone, what wafi required of her ; and 
could not always answer correctly by (jestnres the questions which 
she was ashed^ Her pa^iimniime was not so clear as that of a deaf 
Ujiid dnnitPindwviduM, a/nd she seemed not to be able to 'understand 
the meaning cf icJ'ds. They had to bo spoken 'very slowly, and 
repeated several tinfes before she could catch their meaniny, and she 
'iuost freupuently faiijied, conipletely in this. Oesturcs she understood 
fd once. Thus, Mien I asked her to show me her tongue, she 
did not always dj so immediately; hut on putUny out my own 

Trousseau’s “ Lectures,” Trans, p. 224. 
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tongue^ and then making signs to her to do the samcj she instanfhj 
complied. She was prone to shed tears or to laugh immoderately 
for the least thing, as ordinary hemiplegics are well known to 
do, at a certain period of their complaint. She could not write a 
single word with her left hand f she held her pen properly, hut only 
made a meaningless scrawl. Although she hept constantly repeating 
* Sapon, Sapon,' 1 could never make her say * Sap' or * pon^ hy 
itself, or repeat any syllalde or word after mCy She knew her own 
name, and when I mentioned it she laughed and pointed to herself 
According to her sister’s statement she remembered localities and 
knew faces well.” 

A month after she came under observation, she had further 
acute cerebral symptoms which increased her paralysis, and also 
still further clouded her intellect for a time. But by slow degrees, 
and after an interval of many months, she improved remarkably, so 
that by the following October she was considerably better in many 
respects. Dr. Bazire continues : — “ Her intellect was improved, but 
not in the same proportion as the paralysis. Her emotional 
excitability is much less than before, although it is still marked. 
Her vocabulary comprises now a few more words. She still says 
Sapon, Sapon, but she can now distinctly articulate yes and*" no, 
although she does not always use them appropriately, and she can 
count one, two, three, four. When under the inlluenco of great 
excitement she sometimes exclaims, * Oh, dear me,’ according to 
her sister’s account. She cannot yet write a single loord, nor even 
form a single leMer, although she has often tried hard. She does 
not Tenow the letters of the alphahet, and when she is showjgi a and o, 
and asked to point out a, she cannot do it. She has still great 
difficulty in understanding what is saitt to her in %vords, although 
she is not in the least hard of hearing hut she immedia.tely under» 
stands gestures. Her own pantomime still lacks clearness. She 
never reads, but is fond of looking at pictures.” 

The next case of Aphasia to^be recorded, was one 
which came under the care of the winter. Tfiere was 
here, also, the association with right ^Hemiplegia, but 
both it and the mental impairment \ycre much more 
marked than in the last case. There wa^ the same loss 
of ability to Head; and some difficulty i^n apprehending 
Speech, v hilst in addition there was an imperfect power 
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of comprehending signs, and an inability to Will and 
execute even the simplest motor acts. 

M. C — , fot. 24, had suffered much mental distress owing to the 
recent death of one of her children* On October 3rd she had a fit 
for the first time, whilst in the street, but was able to walk home, 
and during the two days which intervened before her admission 
into University College Hospital she hadatwelvc other epileptiform 
attacks. 

Soon after her admission, she had another series of convulsions, 
affecting both sides of the body, though principally the right. 
During the intervals between the separate attacks, it was found 
that her face was partially paralysed on the right side, the right 
arm was completely paralysed, and the leg to a less extent. She had 
six series of these convulsive attacks in the three days following 
her admission, and during this time remained in a dull, lethargic 
state. On October 13th she gradually began to r%ain a certain 
amount of intelligence in look and manner. 

On the 19th, her attention could be at once arrested ; she made 
decided efforts to speak after questions, and was able to say ‘yes' 
and''* no* indistinctly, though not appropriately. When told to 
show her tongue she merely opened her mouth, not attempting to 
protrude the organ. Was able to swallow without difficulty, and 
took food eagerly. On the 26th, seemed still more intelligent. 
Did not protrude the tongue when told, but opened her mouth 
and took hold of the tip with her fingers, with the view of bringing 
it forT^rds. AUhou(/\ unable to move it by an unaided volitioiial 
slimuluSf ort a sweet lozenge being applied to her lips she imme- 
diately put out her tongue'^ith great reodinessy and whilst eating 
it laughed and seemed muedjf pleased. On the 28th, looked much 
brighter, and took notice of what passed around her. Made signs 
* when she wished to attract the attention of the nurse. When asked 
if she had pain in the head, she nodded assent ; but did not move 
her hand wh|p told to place it upon the painful part, or else 
moved it*in ^ite fk different direction. Paralysis of limbs and 
face continued mucl the same. 

About ten days afterwards I examined her again carefully. Shehad 
continued to improve m the meantime, and could now say ‘Nurse’ 
distinctly, in addivon to ‘ Yes ’ and ' No.* SJ^i^e could not repeat 
the simplest vowel wounds, neither could she read^ single words in 
lo/rge print, either aloud or to herself, so as. to comprehend them. 
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She could not, in fact, point out individual capital letters of very 
large type. When asked to point out M, after a long time, and 
much pressing, she placed her finger upon W ; and when told that 
she was not right, and asked to point out W, after a still longer 
inteiwal, she laid her finger upon S. She seemed to recogni::e 
familiar objects, and know when the right name was given to them. 
She could 7iot he made to count by tapping with her forejinger, 
although she had fteen fjiovm most car<fuUy what she was to do. 
She could not even he induced to give a single tap, and only looked 
distressed. She seemed to recollect her own name. And although 
she did not give any signs of recognition when the name of the 
street in which she lived was mentioned, she immediately nodded 
assent when she heard the remaining part of her address — viz., 
‘‘ Fitzroy- square,” pronounced. She rarely laughed, but frequently 
had fits of crying. She uttered no additional exclamations when 
excited, and her vocabulary was confined to the three words above 
mentioned. 

This is a good example of one of the severer forms of 
disease, in wliich, beyond the Aphasia, with defeeiivo 
activity of the Auditory, and especially of the Visual 
Word-Centres, there was a general impairment of mental 
power due, in all probability, to the extensive nature of 
the lesion in the left Cerebral Hemisphere. 

As a connecting link between the slighter cases^)crtaiil- 
ing to this category and those of the next — Agraphia — 
a good example may bo quotcdi from Trousseau. It is 
an instance in which there was greater damage to the out- 
going fibres from the Visual than to those from the 
Auditory Centre — since when the individual had regained 
some of his lost ability to Speak, he stilSicontinued unable 
to express his thoughts by Writing. || 

“ A young labourer, aat. 28, had, according to [ he statement of his 
friends, been seizedf suddenly and without amr assignable cause, 
with complete inhtism, 

“ The a Section for which he came to the Hospital consisted solely 
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in an utter inahility to sfeaJe^ although his intelligence seemed to he 
unimpaired, and he conld perfectly understand all the questions 
that were put to him. But to these questions he invariably 
answered * No,' even when he nodded his head to signify assent. 
One of the students, however, info^jmed me that when left alone 
with him, he had succeeded in making him say the word * cloah' 
after many repeated trials. I found only a marked deviation of 
the apex of the tongue to the right, but np othey sign of paralysis ; 
the face, the trunk, dnd limbs, could be moved with perfect free- 
dom and force. . . . When I asked him to write his name down he did 
so correctly, but when I told him to write down what had happened 
to him, he only wrote ‘ was, was, was.' He knew perfectly well 
that this was not what he wanted to write, and, annoyed at not 
being able to express his thoughts, he put down the pen. Two 
days after this, on my asking him to write down the name of his 
birth-place, ho wrote * alone, alone, alone,' and did so again when 
I asked him to write * good morning.’ His impatient gestures, all 
the while, showed that he was perfectly conscious that he was not 
writing what he had in his mind. On the following day he wrote 
again words that had no sense, such as * game * for ‘ soup,' but 
he c«ruld say * Good morning. Sir,' speaking, it is true, like a child 
who is learning to speak. A few days later he said very distinctly, 
‘ I am pretty well' and then ‘ Good morning. Sir, 1 am getting on 
well,' with a hesitating voice, however, like an habitual stammerer, 
who endeavours not to stutter. When the attempt was renewed 
to make him write, he only scribbled on the paper a series of 
syllables without any meaning, but he managed to write under 
dictation, eaten^ " 

* 

C. ^Agraphia. 

6 . — Damage to Emissive Channels between the left 
Vihiml Word-Centres and the Motor Centres in the corre- 
S2)onding porous Striatum, 

In the typical j^orm of this defect there would be a 
severance of the connections between the Visual Word- 
Centre and the Superior motor centres ^concerned with 
the act of Writir^ — so that this act alone would become 
impossible, whilst the mental powers, with ability to Read 

u u 
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and ability to Speak, would remain intact. This is a 
perfectly possible condition, and that, too, from a small 
lesion in one or other of various situations. The lesion 
might implicate the fibres which conduct the stimulus 
from the Visual Word-Centre to the Kinsesthetic Word- 
Centre, or it might involve this latter Centre itself, or, 
lastly, it might destroy, in some parts ef their course, tlio 
fibres passing from the Kinassthetic Word- Centre to the 
related motor centres in the Corpus Striatum. In eitJier 
of these ways it is conceivable that a person might lose 
his ability to Write, alone and without other defect. 

Should the individual, however, be paralysed on the 
right side of the body any such special defect 'would be 
hidden by the more general loss of power occasioned by 
paralysis of the right arm. But if such a person were 
to attempt to learn to Write with the left hand, there is 
no reason why he might not succeed, provided thesleffc 
Visual Word-Centre were itself uninjured and in free 
communication through callosal fibres with its fellow of 
the opposite Hemisphere. 

A person affected with right Hemiplegia would, however, 
probably be incapable of re-acquiring the art of Writing, 
with the left hand, if the left Visual Word-Ob'nlre itself 
were damaged. But with the exlistence of such a lesion 
the patient would also be unable to comprehend written 
or i)rinted language. This seems to have been the case, 
for instance, with Trousseau’s patient — M. X — , who, 
notwithstanding all his intelligendfe, could n|t, after three 
years, write with his left hand (see p. 

The Agraphic defect is almost never met with alone. 
It is most frequently associated with some mental defects, 
or with defects of Articulate Speech. L 

Again, the same term. Agraphia, * may be appro- 
priately enough allowed to include ^ incoordinate * as well 
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as ^ paralytic ’ defects in the power of mental expression 
by Writing. Even with this extension, however, the cases 
on record that can bo included under this head are com- 
paratively few. The first to be*quoted is one of the ‘ inco- 
ordinate ’ type. It is one of the many cases illustrative 
of Speech-defects for which we j-re indebted to Dr. 
Hughlings JacksoA.^* 

An elderly, healthy-looldng woman suddenly became ill five 
weeks before admission. She lost the entire power of speech for a 
week, and was also paralysed on the right side. When seen there 
was no apparent hemiplegia, but she complained of weakness in 
the right side. She could then talk, but made mistakes. For 
instance, when I was trying her sense of smell, which was very 
defective since the paralysis, she said in answer to a question, “ I 
can’t say it so much,” meaning she could not smell so well. 8he 
frequently made mistakes in speaking, and called her children by 
wrong names. This was never very evident when she came to the 
hosjt^al, and might easily have been overlooked^ but her friends 
complained much of it. fcShe seemed to be very intelligent. Her 
yower of cjuprcssion by writing, however, was very had, although 
her penniamship was pretty good, considering that she wrote with 
the weakened right hand. She wrote the following at the hospital. 
1 first asked her to write her name — I do not like, for obvious 
reasons, to give her real name for comparison : it had not, 
htfwever, th^ slightest resemblance to the following, in sound oi 

spelling, — • 

“ SUNNIL SiCLAA SaTRENI.” 

When I asked her to write her address, she wrote, 

SuNJSSR NUT TS MER TINN — LAIN.’ 

Thinking sha might ha\# been nervous when she wrote at the 
hospital, Dt. J*ksor| asked her to bring something that she had 
written at home, sle did so, but the specimen (a fac-simile of 
which he gives) was not in the least better than what she had 
previously written. It is a perfectly meaningless assemblage of 
letters, notable oulylfor the frequent repetition pf small groups of 
them, in a fashion hich we shall also find repeated in the next 
case. 

* pond. BLosp. Reports, vol. i. p. 432. 
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Unfortunately it is not stated whether this woman was 
able thoroughly to comprehend written or printed cha- 
racters, and without knowing her condition in this respect, 
no safe diagnosis can be made. There was in her case 
an ability to form letters, but an inability to group, 
them into proper words — and thus a complete inability to 
express her thoughts by Writing, even though her errors 
in Articulate Speech were comparatively few. 

The next case is one which came under the writer’s own 
observation. It is by no means typical, but very peculiar 
in many respects. The man was a Criminal Lunatic — ono 
who had been some years before absolved from the penalty 
otherwise attaching to a murderous act, on the gi*ouiid 
that he was an irresponsible agent.* 

The patient, originally a sailor, is now about 45 years of age, and 
])artially demented ; ho was formerly violent and dangerous, but 
without obvious delusions, and was certified to be insane m^lB5r). 
It was not till about the year 1857, or later, that he began 
to write in an extraordinary manner ; previous to this date his 
letters to his friends are stated to have been written in an in- 
telligible stylo. The peculiarity manifested itself first in this way: 
he commenced the writing of each word correctly, and then in the 
place of some of the remaining letters he wrote ffg. Afterwards, 
the whole character of the word became altered, and^ilnpli^atioH of 
many of the consonants, together with an almost invariable termi- 
nation with the letters ndendd, or, at least, endd, became the most 
noteworthy features of writing which though produced volmni- 
nously was almost utterly unintelligible.i* When I was in the habit 

♦ The particulars are given nearly as they were recorded in the 
“ Med. Chir. Rev.” for Jan., 1869. - 

f Trousseau speaks of a case of Aphasie^ in w nich the person 
during recovery, when he became able to utter a few monosyllables, 
always ended them by tif ; and if be wished to say a word of 
several syllables, he only pronounced the first syllable, and added 
tif to it, saying, <for example, “ montif” for ' monsieur,” ‘‘bontif ’ 
for “bonjour,” etc. We have thus additiona'.i evidence of the simi- 
larities existing between the different kinds of defective Speech 
and defective W riting. ^ 
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of seeing him, about three years ago, he gave me very many sheets 
of his peculiar writing at different times, and from what I have 
in my possession I have cut out the sixteen specimens that have 
been lithographed. These show, plainly, that he either wrote 
with a peculiar and continual iteration of certain sets of letters, 
the writing being partly intelligibfe, or else that it was a mere 
succession of letters or strokes to which no meaning whatever 
could be attached. 

One of the principal peculiarities about this case is, that whilst 
the man writes in this fashion he speaks in the ordinary way. 

At my request Dr. Orange very kindly submitted the patient to a 
careful re-examination, and the replies with which he has furnished 
me seem to show that the man has now become more demented, 
though his special defect is much less marked than it was. The 
principal peculiarities observed were as follows : — 

1. He can speak fairly well for a short time, but his attenfion 
wanders, and his voice then becomes drawling and monotonous, 
when he often either mispronounces a word (generally by altering 
its termination) or he substitutes another word or mere sound 
having no meaning. 

2. /He can read the newspaper either to himself or aloud — but 
he does not seem to gather the full meaning without effort, and his 
power of continuous effort is small. When he reads aloud he 
stumbles over the difficult words, and he reads in a drawling tone, 
but the words which he utters, if not actually those before his eyes, 
are words of a somewhat similar sound, and do not appear to have 
any obvious relation to the peculiar style of his writing. 

•3. He Spiels a word, Vhen asked to do so, in the way in which 
he would write it, and then^he pronounces it correctly immediately 
afterwards. 

t 

It is interesting to find that tins man’s mode of Heading 
was in accordance with his mode of Speaking, rather than 
with hisj)e(»Iiar style^of Writing.* Upon this, in part, 
we base our view K to the nature of his particular defect, 
viz. : that it was due not so much to disordered action in 
the Visual Word-Centre as to some defect in the emissive 

^ Though the reverse obtained in the case of the government clerk 
recorded by Dr. Jackson (p. 628). 
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channels beyond — perhaps in the part of the Kinresthetic 
Centre concerned with Writing-Movements. It is also in 
harmony with the view previously enunciated, that in 
reading aloud usually Visual Impressions revive corre- 
sponding Auditory Impre^ions of words, and that the 
stimuli which occasion either form of Articulate Speech 
pass in the main fro^a the Auditory to the Kinsesthetic 
Word-Centres, and thence to the Motor Centres. 

It is worthy of note, however, that in this case, as well 
as in others in which there has been defective action of 
the Visual Word- Centre, the mode of spelling was almost 
entirely harmonious with the patient's mode of writing 
rather than with his mode of speaking. It was, however, 
very strange to hear a man when asked to spell ‘ cat ' say 
deliberately ‘ candd,' and then immediately pronounce the 
word as though he had spelt it * cat.' 

In a case of Agraphia recorded by Dr. William Ogle,* 
there was a grave Amnesic condition as regards Speech, 
though this was associated with a greater inability to Write 
than existed in either of the other cases. 

“ James Simmonds, fifty-four years of age, after a heavy blow on 
the left side of the head, seven years ago, was obliged to give iij) 
his work. He spoke without difficulty or hesitation, butjmiscalled 
things strangely. He then had a fit one morning, whilst dressing, 
which left him speechless and hemiplegfc on the right side. For a 
fortnight he could not speak at all, though ho was quite sensible. 
He could not say so much as ‘yes’ and ‘no.’ From this he 

gradually recovered, but always, as before, miscalled things 

A month ago he had a second fit, which loft him with less power 
than before in his right side, but made little or nc> change in his 
speech.” ^ 

“ There is now partial paralysis of the right side, which does not 
prevent his walking. The facial muscles on that side are slightly 
affected as well as the limbs. His speech is very hesitating and 

* St. George’sHosp. Reports, 1867, p. 1 03. convenient word 

‘Agraphia’ was, in this article, first introduced by Dr. Wm. Ogle- 
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imperfect. He often stops suddenly, at a loss for a word, and 
then frequently uses a wrong one. As, for example, he sub- 
stituted ‘barber’ for ‘ doctor,* ‘ two shilling piece* for ‘ spectacles,’ 

‘ winkles ’ for ‘ watercresses,’ &c. lie can, however, 'pronounce 
any word perfectly when prompted. He says that he generally 
knows when he has used a wrong word, but not always.” 

“ lie fore his illness he wrote a good hand, and was above his lot 
as regards education. Now he cannot form a eingle letter. Even with 
a copy before him he makes only uncertairf up and down strokes. I 
gave him some printed letters, and asked him to pick out his name. 
After a long time he arrangpd Jicmnos. Clearly he had some 
slight notion of the letters which composed his name. According 
to his wife, before his illness, he spelt well, and was very particular 
about the spelling of his own name, which is one admitting of many 
variations. When a copy xvas before him he quieJely picked out 
and arranged his name correctly. He can read ; but he says that 
reading makes him very giddy, and causes great pain in the head. 
His general understanding seems good, and up to the average of 
men in his class.” 

The conditions here recorded represent the remainders 
of an ^ Aphasic’ attack. Inability to spell, i.e.y inability 
spontaneously to recall the letters composing a word, pro- 
bably depends in the main upon some defect in the Visual 
Word-Centre ; but the patient’s ability to put the letters 
of his name together with a copy, shows that this 
Cpntr« CQJ4ld act to •some extent. This is seen also by 
the statement that he was able to read a little — though his 
powers in this direction were probably very slight. Wo 
may conclude that in this case the most severe or durable 
le^sions were, therefore, in the track of the emissive fibres 
Irom the left Visual Wjrd- Centre— perhaps in the KinoGS- 
thetic W®rd*^cnt|p itself. 

Marco speaks If a man in regard to whom it was 
noticed that he was able to write numerals with much 
greater precision and ease than ordinary letters — a con- 
dition which is |iot so singular as he thought. It is, 
indeed, commonly the case, that Amnesic patients find less 



664 


THE CEREBRAL RELATIONS OF 


difficulty in recalling the names of simple numerals than 
of letters (see p. 643), which is not to be wondered at when 
we recollect that these in all are nine in number rather 
than twenty-six, and that the observation directed to 
individual numerals has always been of necessity much 
more intent than the observation of single letters. 
The degree of familiarity with a set of objects or a set of 
actions is always a matter of great importance in these 
cases of impaired cerebral power : the newly acquired or 
more complex acts are those which first become impossi- 
ble, whilst those which are most familiar and most deeply 
ingrained are the last to be interfered with. Dr. Lasegue 
knew a musician completely aphasic, who, being unable 
to speak or write in the ordinary way, could, after hearing 
a passage of music, write such passage on paper with 
ease. 


D. Aphrmia. 

7. — Damage to Kmissive Channels between the AudU 
tory and the Motor Word’ Centres. 

The conditions now to be referred to are related to de- 
fective communications between thl& Auditoyj' arfd the 
Motor Word-Centres, in much the same way that those 
of the last section are related to defective communications 
between the Visual and the Motor Word-Centres. With 
the necessary changes, what is there said will also here 
hold good in reference to the situations in w’Wch lesions of 
the Brain may produce Aphemia, with tbj^ addfetiotf that this 
particular defect may also be produced by a small lesion 
implicating the lower or medullary centres for Articulation. 

These cases, as isolated defects, are, like those of simple 
Agraphia, extremely rare ; though one Hof a typical cha- 
racter has been recorded by Trousseau (see p. 669). Sinn- 
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larly they may or may not be associated with paralysis of 
limbs, and they are also almost invariably occasioned by 
lesions in the left rather than in the right Cerebral Hemi- 
sphere, if the seat of damage be above the pons Varolii : 
but when the lesion is in the latter situation, or in the 
Medulla, the question of the side affected becomes a matter 
of indifference. , • • 

The nearer the lesion is situated to the Auditory Word- 
Centre (and therefore to. the Cortical Grey Matter), the 
greater is the likelihood that there will be complications, 
in the way of associated* mental defects ; whilst, on the 
other hand, in the cases in which the defective action, 
resulting in the production of Aphemia, is to be referred 
to a lesion in the Corpus Striatum or of the lower articu- 
latory centres in the Medulla, we may expect to have to 
do with mere motor disabilities, as a result of w'hich vocal 
Speech will be rendered indistinct or wholly abolished. 

Some cases will now be given in illustration of these 
defects, beginning with those which are most complex, 
and thence passing on to others of great comparative sim- 
plicity. The first of them is an illustration of extreme 
incoordinate defects of Speech, in combination with other 
‘abnofmAl\3onditionfe. Though complicated and obscure, 
it is too interesting to be omitted. 

This case was recorded long ago by Bouillaud.* The 
man did not, as a rule, speak in mere unintelligible jargon ; 
he mostly made use of actual words, though they were of 
such a kind and so collocated, as to have no resemblance to 
what he* ou®ht t# have said. When reading aloud, how- 
ever, he often uAered nothing but mere jargon. 

Lefevre, aet. 54, after some extreme mental anxiety, became unable 
to read, write, or find words to express his thoughts. His sensibility 
and powers of movement were unimpaired, and his general health 
* Traits de I’EnciSphalite, 1825, p. 290 
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was pretty good. When he wished to reply to questions that were 
addressed to him, he made use of expressions either quite unintel- 
ligible, or else having a meaning quite different from that which 
he intended to convey. When questioned as to his health, ho 
replied rightly in two or three words ; then in order to say that he 
did not suffer at all from pain in the head, he said, “ Les douleurs 
ordonnent im avantage” whilst in writing he replied to the same 
question in this way : — “ Je ne sonffre •pas de la tote’* When a word 
such as tambour was pronounced, and he was asked to repeat 
it, ho said fromage ; though he wrote it, on the contrary, quite 
correctly when asked to do so. He was requested to copy the 
words feuille mihlicale ; he wrote them perfectly, but could never 
exactly read the words which he had just written ; he pronounced 
f&iuicale, fenlaale and fedocale. Then, when made to read 
the word feguical^ written by himself, he pronounced it jardaif. 
He often wrote upon paper phrases which were unintelligible, 
either by the nature of the words employed, or by their lack of 
relation to one another. When he was shown different objects, he 
generally named them correctly ; but then he was wrong at times, 
and during the same sitting he called “une plume, un drap ; uii 
crfichoir, tme plume ; une main, un tasse ; une corde, itne main ;^uno 
bague, un crachoir** 

This case is complicated, and one in which there were 
very distinct mental defects. The Visual Centre seems to 
have been fairly healthy, hence the patient was able to copy 
correctly. From the fact, however, tliiut instead ^f repeat-* 
ing the word ' tambour,’ when asked, ho said ‘ fromage,’ 
though he wrote the word quite correctly ; and from the 
fact that after he had also copied*^ a written word properly, 
he could not rightly pronounce it, wo may infer that im- 
pressions received in the Auditorj^ Word-Centre, might 
pass on correctly to the Visual Wordi^ont^, &o as to 
enable its equivalent to be correctly reproduced in writing ; 
but that impressions striking at once upon the Auditory 
Word-Centres, or coming to them from the Visual Word- 
Centres, could not be correctly rendere^ into articulate 
speech. The conclusion, therefore, is warranted that 
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there was in this case not so much a defect of the 
Auditory Word-Centre, hut rather something wrong with 
a portion of the emissive channels leading from it, by 
way of the KinaGSthetic Centres, to the motor centres 
for Articulation — whereby the Activities of the Auditory 
• Word-Centre became (incoordinately) associated with Arti- 
culatory Movements of the wrong kind. 

This defect was,' therefore, in its relations to Speech, 
very comparable with those existing in relation to Writing, 
ill the cases of Agraphia recorded by Dr, eTackson and 
the writer, as given in the last section. The case was, 
however, complicated by considerable Amnesic defects 
of the incoordinate type, showing themselves both 
ill Speech and Writing, though more frequently in the 
former. 

In another very remarkable case, carefully investigated 
and recorded by Dr. Osborn,^ the patient was able to 
talk ^only in a meaningless jargon, and on attempting 
to read aloud gave utterance also to a series of articulate 
sounds having no intelligible meaning or resemblance to 
those which he should have uttered. Some of the prin- 
cipal particulars concerning this case are subjoined. 

A scholiii^f Trinity dollegp, Dublin, twenty-six years of age, of 
v(uy considerable literary attainments, and well versed in French 
Italian, and German, whilst^ sitting at breakfast, after having 
bathed in a neighbouring lake, suddenly had an apoplectic lit. He 
was reported to have become “ sensible in about a fortnight,” but, 
although restored to the use of his intellect, he had the mortifica- 
tion of finding iMuiself deprived of speech. He spoke, hut what he 
said was qifite ^int^igiblo, although he laboured under no para- 
lytic affliction, and nftered a variety of syllables with the greatest 
apparent ease. When he came to Dublin his extraordinary jargon 
led to his being treated as a foreigner in the hotel where he stopped; 
and when he went to the College to see a friend he was unable to 

* “Dublin Joum. of Med. and Chemical Science,” vol. iv. p. 157. 
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express his wish to the gate-porter, and succeeded only by pointing 
to the apartments which his friend had occupied. 

Dr. Osborn, after frequent careful investigations, ascertained the 
following particulars concerning his patient : — 

1. He perfectly comprehended every word said to him. 

2. He perfectly comprehended printed language. He continued 
to read a newspaper every day; and when examined proved that 
he had a very clear recollection of all that he read. Having pro- 
cured a copy of A'ndrars ‘ Pathology ’ in French, he read it with 
great diligence, having lately intended to embrace the medical 
profession. 

3. He expressed his ideas in writing with considerable fluency; 
and when he failed it appeared to arise merely from confusion, and 
not from inability, the words being orthographically correct, but 
sometimes not in their proper places. 

4. His general mental power seemed unimpaired. He wrote 
correctly answers to historical questions ; he translated Latin sen- 
tences accurately; he added and subtracted numbers of dijfferent 
denominations with uncommon readiness; ho also played well at 
the game of draughts. 

5. His 'power of repeating 'words after another person ^was 
almost confined to certain monosyllables; and in repeating the 
letters of the alphabet he could never pronounce h, u, v, to, x, 
and z, althoygh he often uttered these sounds in attempting to 
pronounce the other letters. The letter i, also, he was very seldom 
able to pronounce. 

6. In order to ascertain and place on record the peculiar imper- 
fection of language which he exhibited, Hr. Osborn ^^^ected and 
laid before him the following sentence from the bye-laws of the 
College of Physicians, viz., “ It shall he in the poioer of the College 
to examine or not examine any LiceyiKate previous to his admission 
to a Fellowship, as they shall thinJc fit.” 

.Having set him to read, he read as follows ; — **An the he what in 
the temother of the trothotodoo to mawrum or that emidrate eui 
enikrastrai mestreit to ketra totomhreiaei to fr^jfntr^do as that 
kekritest” The same passage was presented to him a few days 
afterwards, and he then read it as follows: — *^Bemather he in the 
kondreit of the compestret to samtreis amtreit emtreido and tern- 
treido mestreiterso to his eftreido turn hried rederiso of deid daf 
drit des irest.” ‘ 

He generally knew that he spoke incorrectly, although be 
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was quite unable to remedy the defect. After the expiration of 
eight months, however, he was so far improved that he was able to 
repeat the same bye-law after Dr. Osborn as follows : — “ It may he 
in the 'power of the College to evhavine or 'not ariatin a'ny licentiate 
seviously to his amission to a spolowship, as they shall think fiV* 
Some little time after this Dr. Osborn says ho ‘^repeated the same 
bye-law after me perfectly well, with the exception of the word 
‘power,’ which he constantly pronounced He was also able 
to pronounce all the letters of the alphabet except rf, k, and c.” 
He progressed in this way under the directions of Dr. Osborn, who 
advised him to commence learning to speak again like a child, 
repeating first the letters of the alphabet, and subsequently words, 
after another person, on the* ground that he had “lost, not the 
power, but the art of using the vocal organs.” 

In tins strange but very interesting case there seems to 
have been no appreciable mental defect. It appears con- 
ceivable that a disordered relation between the Auditory 
and the Kinresthetic Word-Centres, or else a disordered 
activity of the latter Centres themselves, may havo 
sufficed to induce some such defect. 

Trousseau records another interesting casp, in which 
there was an absence of mental defect and a simple 
inability to Speak. He says : — 

“ I reccivtM one day in my consulting-room a carrier of the Paris 
Halles, very young, and haVing the appearance of a man enjoying 
excellent health. lie madf^ signs that he could not speak, and 
handed to me a note in which the history of his illness was detailed. 
lie had ivri tten the note himself, with a very steady hand, and had 
^corded it well, A few d^s previously he had suddenly lost his 
senses, ai^ h^ bcMi unwnscious for nearly an hour. When ho 
came round lie exhiloited no symptom of paralysis, but could not 
articulate a single word. He moved his tongue perfectly, ho 
swallowed with ease, but, however much he tried, he could not 
utter a word. He was ineffectually galvanized for a fortnight, 
but without any special treatment he completely recovered his 
speech five or six weeks after the invasion of the complaint. It is 
very remarkable, however, that during the whole course of this 
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singular affection he could manage all his affairs by substituting 
writing for speech. 

Here, the man being unable to articulate at all, was also 
incapable of reading alou'd in any fashion ; although we 
may fairly presume that he could readily comprehend 
what he read sikntly,. And if, as the^ writer thinks, the 
patient was suffering from a simple motor defect, it was 
not so strange, as Trousseau, supposes, that he should 
have been perfectly well able to manage his own affairs. 

This last case may, indeed, be j^retty confidently 
interpreted through the reflected light thrown upon it by 
another, more recently recorded by Dr. Bristowe."^' 

“ A steward of a steam packet, mt. 36, ia the midst of previously 
uninterrupted good health, complained, on the morning of March 7, 
1869, in the Straits of Malacca, of headache and feverishness. 
This condition was succeeded, in the course of a few hours, wjth a 
series of very severe epileptiform attacks following one another 
quickly. Four hours after their commencement he began to 
recover consciousness. When he recovered, he found himself lying 
on the floor of the cabin ; and he soon discovered that, although 
he could see and understand everything that was going on, he was 
totally unable to move a limb, had entirely lost the faculty of 
speech, and was ‘ stone deaf.* lie could neffc hear a pj^l Ihed ©if 
close to his car. He remained in this condition as nearly us 
possible up to the time of his arrival at Singapore on March 20.” 
At that time his right leg and armf' were still weak, his left leg 
and arm were numb and quite powerless. He had considerable 
difiiculty in ‘ masticating ’ his food, and he was still perfectly detif 
and speechless. He gradually impro>^d in the Singapore Hos- 
pital. “ In the first week he regained the con|pleto||lse f»f his right 
side, and audition so far returned that ho could hear when spoken 
to loudly. His hearing was completely restored by April 22. Ho 
also regained to a great extent the use of his left arm, and improved 
remarkably in general health.’* He left the Hospital in the middle 
of June, and was p\it on board a sailing vessel homeward bound. 

* ** Trans, of the Clinical Society,** 1870,^p. 92. 
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On Kovember 1st he was admitted into St. Thomas’s Hospital, still 
speechless, and dragging his left leg much in walking. 

Dr. Bristowe says “ Three days after admission I saw the 
patient for the first time, and examined him pretty carefully. I 
found that he was perfectly intelligent, that he understood every- 
thing that was said to him, that he could read well and compre- 
hend everything that he read, and that he could maintain a 
conversation of any ^ength, he writing cn a date and his inter- 
locutor speaking. He wrote indeed with remarkable facility a very 
excellent and legible hand, expressing himself with perfect point 
and accuracy, except for an occasional error of spelling and con- 
straction, due evidently to defective education. But he could not 
speak, he could not utter a single articulate sound. I ascertained, 
however, that he could perform with his lips, tongue, and cheeks 
all possible forms of voluntary movement, and also that he was 
capable of vocal intonation, in other words, that he could produce 
musical laryngeal sounds.” 

This patient was afterwards taught with great care, and with 
complete success, to speak again, although “ he had been nine 
months entirely speechless, and believed himself to be hopelessly 

damt.” 

The bilateral paralysis which existed at first, together 
with complete deafness and other symj)toms, make it almost 
certain that in this case the jiaticnt was suflbriiig from a 
lesion situated somewhere on the confines betw’een tlie 
upper parr''t)f the Medulla and the pons Varolii. A lesion 
here might cause Uio** complete deafness, the double 
paralysis, and for a time fdnctioiially disable the loAver arti- 
culatory centres. There was clearly a mere motor Speech 
defect ; and a much slighter lesion about the same region, 
or a little h%lier, migfit have given rise to such minor 
f^ymptoms as were/ met with m Trousseau’s case. It is 
possible, ho\vever, that this latter group of symptoms might 
have been occasioned by a slight lesion higher up in the 
left motor track — perhaps in the Corpus Striatum, or, 
even higher, in the white substance intervening between 
these bodies and the Kinsesthetic Word- Centres. 
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It has long been known that lesions in these situations, 
especially in the pons Varolii, may cause great diifi* 
culties and indistinctness of articulation, if not actual 
loss of Speech. A briefly-related case of this kind, in 
which a considerable lesion was actually found in this 
situation, as recorded by Dr. Wilks, may suiBco for the 
final elucidation ’’of this section. , 

A lady fell in a so-called fit during dinner. She was taken up 
speechless and put to bed. She lay ‘with her mouth open and with 
the saliva running from it, and she was unable to swallow or to 
speaJc. There appeared to be no partilysis of her limbs, and from 
her gestures and expression there was every reason to believe that 
she was perfectly sensible. She was soon able to leave her bed, 
and recovered her usual health, but she never lost the paralysis of 
the tongim and palate. She wrote down all her wants on a slate. 
She swallowed w ith difficulty ^ and the saliva was continually flowing 
from her mouth ; but she was able to walk three or four miles a day, 
and was accustomed to join in a game of cards. About two years after 
the first attack she had another apoplectic fit, in which she^died. 
On post-mortem examination there was found to be a great amount 
of disease of the cerebral vessels ; much blood, which had escaped 
from the ports, was effused at the base. Within the ponH there uws 
an old brownish cyst. The central ganglia were healthy.’’ 

If the foregoing interpretation of Aphemia shoull 
prove to be correct, it will afford jf simple ^pla^natien 
of a class of cases which many have deemed to be as 
puzzling as they were in the .estimation of Trousseau. 
What has been said on this subject will have sufficed 
to show their relationship with those cases in w^hich 
there is unquestionably a mere difficulty m articulation 
either complicating an ordinary attack! of Kem^plegia, or 
forming part of a degenerative disease of the Medulla, 
known as ^ Glosso-laryngeal paralysis’. On the under- 
standing that it may be ' complete ’ or ^ incomplete,’ 
Aphemia is a term broad enough to include all these varie- 
ties of mere loss of Speech or difficulty of Articulation. 
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FURTHER PROBLEMS IN REGARD TO THE LOCALIZATION OF 
HIGHER CEREBRAL FUNCTIONS. 

The study of the various defects of Sjieech, aud of Intellec- 
tual Expression in general, produced by Cerebral Disease 
is of great importance in .many ways. An accumulation 
of instances more or less crudely observed must almost 
necessarily precede the attempt to analyze and classify 
these various defects. Thereafter observers will work 
betto and with more chance of success in two directions. 
They will (1) have learned more fully how to observe such 
cases, that is, what is specially to be looked for in the 
way of ability or defect in persons so affected ; and (2) they 
may, whenever the precise mental defects manifested 
during life have been clearly recognized and recorded, as 
the occaSiem arises, note with more hope of profitable 
scientific result the exaefb region of the Brain which has 
been damaged. » 

The error of massing together all the varieties of ^ loss 
of speech * under one name, such as ‘ Aphasia,’ and 
then altoget^r rmectiflg doctrines of Cerebral Localiza- 
tion, because the^ lesions in such dissimilar cases have 
not always been found in some one part of the Brain, is 
manifest and absurd, and yet it is one which has 
been too often repeated in recent years Even such an 
accomplished physician as Trousseau spoke of a represen- 
tative case of Amnesia as a typical instance of Aphasia, 
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and based bis explanation of the Apbasic condition a 
good deal upon the phenomena by which it was charac- 
terized. This massing together, under ono name, of 
wholly dissimilar defects, «^nd the confusion thus created, 
would of course, so long as it lasted, eflectually defeat all 
attempts at Cerebral Localization. 

It is, therefore, absolutely necessaryi if further advance 
is to be made in regard to the ‘localization’ of higher 
Cerebral Functions, first, that we should learn carefully to 
discriminate the different Speech -defects from one another 
during life ; and, secondly, that where opportunities occur, 
the locality of lesions should be principally observed and 
recorded in typical and uncomplicated cases. 

A few brief additional details (beyond those which it 
has been found convenient to mention in the last chapter) 
will now be given as to the extent of knowledge already 
garnered within this second sphere of observation .and 
inference — ^which, though not at present co-extensive with 
the other, nevertheless includes some facts of a rather 
startling description. 

In 1825, Bouillaud* affirmed that the Frontal Lobes 
of the Brain were the parts principally con^owicd with 
Speech, because, as he said, these were the organs “for 
the formation and recollection yf words, or the principal 
signs which represent our ideas.” He had collected 114 
observations of disease of the Frontal Lobes accompanied 
by loss or defect of Speech, and uf)on these he based his 
views. • " • 

Andral, however, in 1833, recorded fourteen cases where 
Speech was abolished without any alteration in the Frontal 
Lobes, but in which a lesion existed in the Parietal or in 
the Occipital Lofees. 

* “ Traitd de TEncophalite,” p. 284. 
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In 1836 Dr. Marc Dax called attention to the great 
frequency of loss of Speech in association with right 
rather than with left-sided Paralysis. The title of his 
essay was this : — Lesions of ^hc left half of the Brain 
coinciding with tho loss of memory of the Signs of 
Tliought.” * In support of this view that loss of Speech 
depended especially upon lesions o*f the left half of the 
Brain, Dr. Dax brought forward 140 observations. 

But in 1861, Brocat went still further. Whilst affirm- 
ing, with Dr. Marc Dax,^ that the left Hemisphere was 
the one principally concerned with articulate Speech, he 
precisely defined the seat of lesion in that condition which 
we now call Aphasia as the 'posterior part of the third 
frontal convolution of the left hemisphere 

This view, originally based upon a very small number 
of cases, was received at first with tho greatest surprise and 
scepticism. It was thought by many to be most improbable 
that such a faculty as Speech should depend upon the in- 
tegrity of one small portion of only one of the t\jo Cerebral 
Hemispheres. Yet by reason of the observations which 
have accumulated during the last eighteen years, it is now 
admitted by most of those wdio are best entitled to judge, 
that Broca'^s^localization is in a certain sense correct, and 
that in the instances qf real typical Aphasia the lesion is, 
in a large majority of casein, found to involve tho posterior 
part of tho third frontal gyrus on the left side, or else the 
immediately subjacent white substance intervening between 
this convol^ticjji an^tho Corpus Striatum, The reason w'hy 
lesions in other parts may, according to their situation, 
either occasionally or invariably lead to a more or less 
similar Speechless condition, is a question upon which we 
shall hope to throw additional light in thi& chapter. 

* Republished in the “ Gaz. Hebdomad.,” April 28, 1865. 
t “Bulletin de la 8oc. Anatom.,” Aug. and Nov., 1861. 

XX 
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Many cases are on record in which a lesion of the 
posterior part of the third frontal gyrus of the right 
Hemisphere has existed, without producing any loss of 
Speech. So that we have both positive and negative 
evidence in favour of Broca’s association of the power , 
of Articulate Speech with the integrity of the third left 
frontal convolution, especially if we dxtend the depth of 
the region cited by him so as to make it include the 
outgoing fibres from this part of the third frontal gyrus. 



Fio. 184. — Brain of a Woman who suffered from Aphasia, showing the tracer of 
a lesion in the posterior part of the third frontal Convoluti^nr (Provost. >-(SVe 
“ Nature,*' March 16, 1876, p. 400. 


It is, however, also true that in a certain small pro- 
portion of cases a similar condition of speechlessness Jins 
been induced where a lesion has been found in the corre- 
sponding parts of the right Hemis|>her^ In some of 
these exceptional cases the persons have been left-haiidcil, 
though in others even this reason for the change of 
sides has been absent. The writer has himself met with 
a most typical instance of this. But it is of importance 
to note that even in these very exceptional cases, though 
the side affected has been different, Speech has equally 
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been lost by a unilateral damage of the same definite and 
extremely limited region of the Hemisphere. 

Thus it would follow, that the motor incitations suffic- 
ing to call the articulatory centres into activity during 
Speech, are accustomed, in the large majority of cases, to 
emerge from the third frontal gyrus of the left side : though 
in a small minority of persons it may happen that the 
effective motor stimuli are wont to pass off instead from 
the right third frontal gyri^s. The halves of the bilateral 
Articulatory Centres in the Pons, Medulla, and upper 
part of the Spinal Cord Are so welded together by com- 
missures that each of them practically constitutes one double 
Centre. And these may (after the manner of such bilateral 
Centres) be incited to action by stimuli coming through the 
Corpus Striatum either from the left or from the right 
Cerebral Hemisphere — though, as a matter of fact, as 
above stated, such stimuli seem to reach it, in the largo 
majority of persons, from the left side of the Brain. 

But if bilaterally-acting muscles are always in associa- 
tion with closely welded bilateral Motor Centres, and if 
such Centres may generally be called into activity by 
stimuli reaching them from either side or from both sides 
simuhaneously, thoA the habitual excitation of the Speech 
Centres and their relate muscles from the left side, must 
be regarded as a renlark^ble peculiarity. 

There is, however, some reason for believing that if the 
habitual outgoing channels of the left side are damaged 
(so that Speech has b^n lost), the route for stimuli from 
the ri<jh% tbJrd fAntal gyrus to the corresponding Corpus 
Striatum may, under certain circumstances, be more effect- 
ively opened up, so that the power of Speaking is after a 
time regained. In such a case the stimuli would, of 
course, impinge upon the right rather than upon the left 
side of the lower bilateral Articulatory Centres. 
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Broadbent indeed maintains that, as a rule, loss of 
Speech is only temporary with lesions of the left Corpus 
Striatum, or of those parts of the outgoing fibres from the 
third frontal gyrus which are contiguous to this body. And 
he ingeniously attempts to explain its supposed speedy 
restoration in these cases. If the left third frontal gyrus 
be itself undamaged,, and if the fibres of the Corpus 
Callosum which extend from it to the right third frontal 
gyrus be intact, then the outgoing stimuli not being able 
to take their usual course may, he thinks, find their ‘way 
round ’ from the left to the right third frontal and thence 
downwards to the Corpus Striatum of the right side.'* 
In these cases loss of Speech would possibly only exist 
for a few weeks, till the new route and iiewr mode of action 
could be thoroughly opened up and cstablished.t It is 
difficult, how^cver, to understand how the previous educa- 
tion and organization of this right Corpus Striatum pan 
have been brought up to the stage necessary to enable it 
speedily to assume such functions, if, to take the most 
favourable supposition, only feeble and ineffective stimuli 
have previously been reaching it. 

There are difficulties also in the way of the acceptance 
of some of the reasoning upon which this theory “is bksedr. 

• 

* Inability on the part of ail Aphasic person to learn to Speak 
from the right side of the Brain wo\ild thus be found to depend 
upon conditions precisely analogous to those producing in a right- 
sided Hemiplegic an inaliility to learn to Write with the left hand 
(/.<?., from the right side of the Brain). tSpeech would be impos- 
sible if the Auditory Centre, and Writing wdRild in^ossible if 
the Visual Centre, in the left Hemisphere were destroyed; or, 
similar disabilities would exist if the fibres of the Corpus Callo- 
sum respectively connecting either of these left Centres with its 
corresponding Centre of the opposite Hemisphere were cut across 
by disease. * 

t “ Brit. Mod. Jrnl.,” April 8, 1876, p. 435. 
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Broadbent says: — “In its first attempts to talk the child 
is influenced by imitation and guided by the ear ; that is, 
as the grouping of the motor cells of the cord is effected 
through the sensory cells, by cell processes passing from 
the posterior to the anterior nerve nuclei, so the grouping 
of the cells in the corpus striatum will be effected through 
the cells of the auditory perceptive centre by means of the 
fibres connecting together the two. . . . And, as the 
motor nuclei of the cord can still bo employed in reflex 
action through the sensory nuclei, as well as in voluntary 
motion by means of descending fibres from the corpus 
striatum, so may the word groups in the corpus striatum 
be reached imitatively through the auditory perceptive 
centre, as well as through the third frontal gyrus'' Con- 
sequently he assumes that there is a double action of a 
consensual character from both Auditory Centres, and that 
in tJie early ^ imitative* Speech-processes these parts would 
both react upon their respective Corpora Striata. There 
is also, as he thinks, a higher or volitional unilateral 
action through the left third frontal gyrus^an action 
which is unilateral because, as he puts it, “ The left 
hemisphere alone is educated for intellectual expression.” 

• Blit, Seysori-mofer and Ideo-motor acts of Speech are 
dependent upon processes occurring (in a slightly different 
manner) in identically thq same cerebral regions — and these 
^ would correspond with Broadbent’s ‘imitative* modes of 
Speech. Yet, as the writer has previously endeavoured to 
show (pp. 5^0-557), n® valid demarcation can be estab- 
lished b?tw^n lAio-motor and Voluntary acts of Speech, 
and the distinction conferred upon the latter by the 
addition of an ‘ emotion of desire * does not make it the 
less necessary for the outgoing stimulus primarily to 
pass off from the Auditory Centre; nor, on the other 
hand| is there any distinct evidence to show that the 
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incitations in imitative* Speech do not, like those in 
Voluntary Speech, also find their ^ way out' through the 
third frontal gyrus. In fact, we have every reason to 
believe that the route from the Auditory Perceptive Centre 
to the Corpus Striatum is one and the same for every 
kind of Speech, whether its mode of incitation may bo 
strictly ‘imitative,’ Ideo-motor, or distinctly Volitional. 

This latter conclusion is found to be in accordance 
with the evidence derived from disease. No fact has been 
more certainly established in regard to Aphasic patients, 
than that there is in them a los^ not only of Voluntary, 
but of Ideo-motor, and, to just as marked an extent, a 
loss of ‘ imitative ’ Speech. A really Aphasic patient 
cannot copy the simplest word or vowel sound, which he 
has just heard, nor does he even do it unbidden and echo- 
like, in the most purely imitative reflex style. 

Others again have assumed that a separate route exjsts 
by which Emotional stimuli may be transmitted to the 
lower centres for Articulation in the Pons and Medulla, 
without pausing through the Corpus Striatum, simply 
because Aphasic patients occasionally utter new words of 
an interjectional order — as oaths, or such phrases as ‘Oh 
dear!’ ‘Thanks!’ and other simple Exclamations, finder 
the influence of a strong emotional stimulus. Even for 
this kind of connecllion, however, jio independent evidence 
exists (see p. 680 ) ; and perhaps the facts can be equally 
well explained by the supposition that Emotional stimuH 
of greater energy, or which emant^Je from wider area, 
may occasionally force their way througlf darlagdQ tracks, 
the resistance in which could not be overcome by mere 
Volitional stimuli. 

As to the causes which have determined the greater or 
almost exclusive ' influence of the left Hemisphere in 
inciting Speech-movements, only conjectures can be 
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offered. It has been thought that a certain more 
forward condition of development of the left hemisphere 
• — as a result of hereditary right-handedness recurring 
through generation after generation — might gradually 
become sufficient to cause the left Hemisphere to ‘ take 
the lead * in the production of Speech-movements. Some 
little evidence exi^sts — though at present it is very small 
. — to show that it is left-handed people more especially 
who may become Aphasia by a lesion of the right third 
frontal gyrus. It is practically certain, indeed, that the 
great preponderance of rfglit-hand movements in ordinary 
individuals must tend to produce a more complex organ- 
ization of the left than of the right Hemisphere, and this 
both in its sensory and its motor regions. We may con- 
fidently look for the existence in it of the organic basis 
of a vastly greater and more complex Tactile experience ; 
an<J as movements of the right arm and hand are more 
frequent, both as associated factors of this experience 
and in other ways, we have also a right to expect that the 
Kinaesthetic Centres will be similarly developed to a 
notably greater degree in the left Hemisphere. And as a 
matter of course also the nervous mechanisms for the 
movements with >^hich these sensory impressions are 
associated would be much more conyplex in the Motor 
Ganglion of the left’tha^j in that of the right Hemisphere. 
g Many years ago, moreover, the writer ascertained a fact 
■which at the time seemed very difficult to understand — 
viz., that the specific gravity of the cortical Grey Matter 
of the Brail in ibft frontal, parietal, and occipital regions 
is often distinctly, though slightly, higher than that from 
corresponding regions of the right Hemisphere.* But 
such an increase in specific gravity might be produced by 

* See a paper “ On the Specific Gravity of the Human Brain,” 
in “ Jrnl. of Mental Science,” 1866, pp. 28, 32. 
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the existence of the greater number of cells and commis- 
sural fibres which the extra sensory and derivative func- 
tions above referred to would probably entail.* 

• 

Having considered some of the questions of * cerebral 
localization * relating to the production of Aphomia, 
Agraphia, and Aphasift., something must now bo said in 
regard to the seat of lesions productive of the very varied 
conditions comprised under the term Amnesia. 

Our knowledge on this point is at present rather vague 
and indefinite, since it is only quite recently that the 
necessity of not confounding such cases v/ith Aphasia has 
been at all generally recognized. Moreover, no distinct 
attempt has hitherto been made to analyze and classify 
the various conditions comprised under this one term 
^Amnesia.’ Much more will doubtless soon bo ascer- 
tained, in reference to this subject, by future workers, 
especially when the examination of cases is more 
thoroughly and systematically undertaken.! 

Still the Imowledge we possess of Amnesic conditions, 
as well as of the distribution of ‘ ingoing ’ fibres in their 
passage from the base of the Brain to the Convolutions,, 
already enables us to point roughly to'^the neighbourhood 
in which lesions qr injuries would be likely to produce 
defects of Speech and Writing ofrthis type. 

Lesions of the convolutions about the posterior extremity 

* See also pp. 399-404. 

t In all cases of Amnesia, or of mixSl Apj^asia|and Amnesia, 
details should among other things always be given in r^erence to 
the following points ; — (1) The patient’s ability to understand 
spoken words (not being deaf); (2) to repeat sounds or words when 
requested; (3) to write from dictation; (4) to understand and 
therefore to point or^Jb printed letters and words (not being blind) ; 
(5) to copy written words, or printed words into written words; 
and (6) to name printed letters or objects, or read aloud. 
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of the Sylvian Fissure of the left Hemisphere will pro- 
bably prove almost as instrumental in producing one or 
other variety of Amnesia, as lesions of or about the third 
left frontal are of inducing Apjiasia. In Broadbent’s case 
(p. 645) the lesion was found in this region, and in a 
fairly typical unpublished example of Amnesia the writer 
has also recently found a lesion in the s&me situation. 

The reason for looking to this region will, moreover, be 
obvious if the reader wilLrecollect that the posterior third 
of the peduncular fibres (that is of the so-called ‘ internal 
capsule ’) spread out froni beneath the posterior part of the 
Thalamus ; and that, stretching backward and outwards 
across the floor of the lateral ventricle from near the begin- 
ning of the descending cornu, they distribute themselves in 
the main to the Occipital and the Temporal Convolutions. 
And if the conclusions of Ferrier in regard to the im- 
portant relations of the ‘ supra-marginal lobule * and 
the ^ angular gyrus ’ with the Visual Centre, and of the 
posterior part of the ‘ upper temporal convolution ^ with 
the Auditory Centre should prove to be cArrcct, there 
would be these still more precise reasons for expecting 
to find the lesions productive of Amnesia, with some 
'freqifoncy,^in or about the situation indicated. Such a 
‘ localization ’ may, therefore, be provi^onally entertained, 
and no more promising^moans of ultimately ascertaining 
^with tolerable certainty the situation of the most impor- 
tant parts of the Visual and Auditory Perceptive Centres 
in man would seem to f^resent themselves, than the careful 
clinico-plithmogick study of typical Amnesic cases when- 
ever the opportunities may occur. 

Another question of great interest now arises, and that is, 
whether it will be found that lesions productive of Amnesia 
are also in the main limited to the left Hemisphere. Some 
eminent observers, such as Brown-Sequard and Hugh- 
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lings Jackson, believe that a limitation of this kind does 
obtain. But whilst the writer freely admits that lesions 
of the left are more likely to be potential than those of 
the right Hemisphere in the production of such states, it 
seems to him that both facts and theory tend to negative 
the idea that similar defects would not be induced by 
lesions in certain parts*of the right Hemisphere. 

It will be found that many such cases are already on 
record — one of the most typical being that of Marcou, 
as given by Trousseau (see p. 621). And if we bear in 
mind that corresponding Perceptive Centres in the two 
Hemispheres are almost habitually called into simul- 
taneous activity, and are in structural continuity with 
one another through the Corpus Callosum, it might be 
expected that irritative or destructive lesions of the 
Auditory or the Visual Word-Centres of the right side 
could scarcely occur without producing distinct derange- 
ment, at all events for a time, in the functional activity 
of the similar centres in the left Hemisphere — which, 
as one is bound to admit, seem to take the lead 
in the expression of Thought by Speech and Writing. 
On this very interesting subject much further information 
is needed, and we have previously (p! 493) had to 'refer “ 
to the doubt that exists as to tlM) extent to which one 
Hemisphere alone may suffice for ordinary mental activity. 
It may fairly be expected, perhaps, that Amnesia produced 
by a lesion of the right side Would have a tendency to be 
more temporary than such a conditipn when ojjcasioned by 
similar lesions of the left Hemisphere. 

Finally, another consideration of some importance in 
connection with ‘ cerebral localizations ’ now suggests 
itself. The condition of Amnesia may merge by insensible 
gradations into one of Aphasia — so that the latter state, 
with certain extra peculiarities, may at times result 
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from a lesion altogether away from the third left frontal 
gyrus, if, as we at present suppose, the regions in which 
lesions have the greatest tendency to produce one or 
other of the forms of Amnesia should be situated around 
the posterior extremity of the left Sylvian Fissure. 

This may bo easily understood. Suppose a person to 
be suffering from a defective activity of the Auditory Word- 
Centre, so that Names cannot be recalled ^ voluntarily ’ or 
by ‘ association.* There would already be great hesita- 
tions and difficulties in the expression of Thoughts, both 
in Speech and in Writing. But suppose this mere defec- 
tive activity to be replaced by actual destruction of the 
left Auditory Word-Centre, so that its functional activity 
became entirely lost : words could then, of course, neither 
be recalled ‘ voluntarily * nor by ‘ association ’ ; and still 
further, they could not be perceived and consequently could 
not bo imitated. An individual thus affected would neither 
be able to Speak nor to Write, that is, he would be com- 
pletely Aphasic — with the superadded peculiarity that ho 
would not readily comprehend spoken and perhaps written 
Language. The latter ability might persist to some extent, 
because the molecular equilibrium of the Auditory Word- 
* Centre ajid of the related Visual-Centre of the opposite 
Hemisphere might ndl be sufficiently, disturbed to prevent 
all apprehension of spoken or of written symbols. We 
might, in fact, have in such a case, the production of a 
complex Aphasic condition almost precisely similar to that 
met with ip thj girFwhose case was recorded by Bazire, 
(p. 65^) of even one like that recorded by the writer at 
p. 655, and yet such an Aphasic condition might have 
been caused by a lesion far away from the left third frontal 
convolution. And if this were so, such cases might have 
been quoted with much apparent effect against existing 
doctrines in regard to ‘ cerebral localization.* 
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Similarly, it is possible that Agraphia, accompanied 
by ‘word-blindness/ might result from a lesion of the 
left Visual Word-centre, and that the site of such lesion 
might be contiguous to the posterior extremity of the left 
Sylvian Fissure. 

Aphemia (that is, mere loss of Speech) could not bo 
produced by a lesion of^tliis region of the Brain, because 
destruction of the Auditory Word-centre would destroy 
the revival of words for spontaneous Writing, as well as 
for Speech — so that the double condition Aphasia (or 
an approximate state in which ‘ imitative ’ Writing only 
is possible), would necessarily result, instead of the more 
special Aphemic state. 

It is clear, also, that if important tracts of the Auditory 
and Visual Word-Centres are in reality situated somewhere 
about the end of the Sylvian Fissures, and if the Kin- 
jestlietic Word-Centres, both for Speech and Writing, aa-e 
situated in or somewhere in the neighbourhood of the 
third frontal convolutions. Aphasia might in addition 
be caused by lesions cutting across the commissural 
fibres in any part of their course between these pairs 
of centres. 

Clearly, if stimuli caused by the mental revival of" 
words do not {a) issue from the ‘Auditory and Visual 
Word-Centres ; if they (b) are stopped on their way there- 
from to the corresponding Kinjesthetic Word-Centres; or 
(c) if they are stopped in or on the other side of these latter ‘ 
Centres, that is on their way to the ♦eft Corpu| Striatum, 
the result would, in each case, be the production of Aphasia, 
although the situations of the lesions in these cases would 
be altogether different. In the first ‘case, too, we should 
have Aphasia with much mental impairment ; in the 
second case wo should have Aphasia with trifling mental 
impairment * whilst in the third case we should have the 
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typical Aphasia, in which little or no mental degradation 
is to be detected. 

This being true, a general law may provisionally be 
formulated, as a future working hypothesis : that the ten- 
dency to mental impairment with Aphasia, and the degree oj 
such impairment, will, other things being equal, increase 
as lesions of the left Hemisphere recede in site from the 
* third frontal convolution^ and approach the Occipital Lobe. 
The general doctrine of Marc Dax seems to be justified, 
whilst Broca’s more special localization must be held to 
hold good only for one particular though very common 
form of Loss of Speech — or, to use the broader and more 
accurate phraseology, loss of the power of Intellectual 
Expression. 

The conclusions above arrived at are found to afford a 
now and quite unlooked for confirmation of the view 
already announced as to the special frequency with which 
lesions of the Occipital Eegions of the Hemisphere are 
apt to be associated with marked mental degradation ; they 
will also tend to make us apj)rcciate more fully the real 
validity of the objections raised by some against the 
doctrine that the posterior part of the left ‘ third frontal 
gyrul^ ’ is the region always damaged in cases of Aphasia ; 
and they may pave the way for new and more exact 
differential observations^^by means of which alone we can 
expect to make real progress in a task of extreme difii- 
cultj, in which wo are now only breaking ground in a 
tentative maimer — that is, in the endeavour to determine 
what kiffd of functions are principally carried on in differ- 
ent regions of the Cerebral Cortex. 

If we have said nothing in regard to the ^ localization * 
of certain higher Intellectual and Moral Powers, the reason 
for this will be obvious to all thoughtful readers. No step 
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can be taken with any chance of success in this direction 
till the preliminary enquiries to which we have been 
devoting our attention have been reduced to a more settled 
condition. The foundations of the subject must clearly 
be laid before we can begin to rear a superstructure. 

Yet that every higher Intellectual and Moral Process — just 
as much as every^ lower Sensorial or Perceptive Process — 
involves the activity of certain related cell-and-fibre net- 
works in the Cerebral Cortex, and is absolutely dependent 
upon the functional activity of such networks, the writer 
firmly believes. He, however, “as decidedly rejects the 
notion which some would associate with such a doctrine, 
viz., the supposition that Human Beings arc mere ‘ Con- 
scious Automata.’ 

It must be conceded that if Conscious States or Feelings 
have in reality no bond of kinshij) with the molecular 
movements taking place in certain Nerve Centres ; if tjiey 
are mysteriously appearing j)henomena, differing absolutely 
from, and lying altogether outside, the closed ‘ circuit of 
motions ’ w'Hh which they coexist, no way seems open by 
which such Conscious States could be conceived to affect 
or alter the course of such Motions. The logic of this 
seems irresistible. The conclusion chn, indeed, only be 
avoided by a repudiation of the premises : and this the 
writer does. He altogether rejects tlie doctrine that there 
is no kinship between States of Consciousness and Nerve 
Actions, and consequently would deny the view that the 
* causes ’ of Conscious States lie altogether oi^side the cir- 
cuits of Nerve Motions. * ^ ^ 

Consciousness or Feeling must be a phenomenon having 
a natural origin, or else it must be a non-natural, non- 
material entity. For reasons which have been set forth 
in various parts of the present volume the writer adopts 
the former of these views. 
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It is commonly believed that ‘ living matter ’ has now, or 
has had in past times, a natural origin ; Nerve Tissues also 
have a natural origin in or from elemental forms of ‘ living 
matter ’ ; and if Conscious States or Feelings are admitted 
to be an appanage only of Nerve Actions, so also (as far as 
we can ascertain) does their mode of appearance, their in- 
crease in intensity) their modifiabiliJy by agents modifying 
the nerve tissues, and the limitation by which they occur 
only in association with certain nerve actions taking place in 
the higher and most complex of an animars Nerve Centres, 
harmonize with the notion that they are in some way an 
actual outcome of such Nerve Actions — -no more capable 
of being dissevered from the physical conditions on which 
they depend, than is Heat to be dissevered from its physi- 
cal conditions (see p, 142). To say that Heat is a ‘ mode of 
motion,* takes for granted the underlying fact that we can- 
nob have motion except through a something which moves. 
Heat has no abstract and isolated existence as an entity. 
Consciousness also is a result of a something which moves. 
But just as it is the very material motions on which Heat 
depends which do the work ascribed to Heat, so do the 
yery material motions on which Consciousness or Feeling 
depends, do the work which we ascribe to Feeling. These 
particular motions, be it remarked, enter as components 
into the ‘ circuit of motions * constituting Nerve Actions, 
^ind may, therefore, easily co-operate as real motors. 
Hence it is that States of Feeling may, in very truth, 
and in ^co«jianc<j witif popular belief, react upon Nerve 
Tissues so as to alter the molecular motions taking place 
therein. Feelings, whether purely personal or of the 
moral order, thus have, as they seem to have, an indubi- 
table effect in modifying our IntellectuaJ Operations, our 
Volitions, or our Movements. 

To show how these particular motions in Nerve Tissue 

Y Y 
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arise which underlie Conscious States, and how they again 
subside into more ordinary nerve actions, must, from the 
very nature of the problem, ever remain impossible. But 
we certainly should not on this account allow ourselves to 
be mentally paralysed by a belief in the existence of a 
metaphysical gulf between what is termed the Subjec- 
tive and the Objective — the ‘ Ego ’ and the ‘ Non-Ego.* 
Yet, even some believers in the philosophy of evolution 
have thus been led to deny thu natural origin of Con- 
scious States, and have as a consequence found them- 
selves forced to hold a doctrine of thoroughgoing ‘ Auto- 
matism * — one in which all notions of Free Will, Duty, 
and Moral Obligation would seem from this theoretical 
basis to be alike consigned to a common grave, together 
with the underlying powers of self-education and self- 
control. 
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VIEWS CONCERISrrNG THE EXISTENCE AND NATURE 
OF A MUSCULAR SENSE* 

According to Sir William Hamilton, tho recognition of tlic Mus- 
cular Sense, as a medium of apprehension, was originally made, 
some three centuries ago, by two Italian physicians. It was recog- 
nized by Julius Cmsar Scaliger in 1557, and afterwards indepen- 
dently by Cmsalpinus of Arezzo in 1569, that the exercise of our 
power of movement is the means whereby we are enabled to esti- 
mate degrees of ‘ resistance,* and that by a faculty of “ active 
apprehension ** which was by them contrasted with touch as “ a 
capacity of sensation or m<Te consciousness of passion.** 

After a very long interval, De Tracy (one of the most distinguished 
followers of Condillac) about the beginning of this century, more 
explicitly developed this conception and “ established the distinc- 
tion between active and passive touch.** German physiologists 
and psychologists towards the close of the last and the beginning 
of thjs century had, \iowevcr, made the same analysis, and “ the 
active touch there first obtained the distinctive appellation of the 
Muscular Sense (Muskelslnn).** These vie>v8 were soon after in- 
troduced into Scotland*by I)r. Thomas Brown. 

^ Subsequent variations of opinion in regard to the Muscular Sense 
are, to some extent, represented by the following quotations. J. 
Miiller (“ Physiologic,’* 1835) says : — We have a very exact notion 
of the quantiti of njrve fdfee starting from the brain, which is neces- 
sary to product a certain movement .... It would be very possible 
that the appreciation of the weight and pressure, in cases where 
we raise or resist, should be, in part at least, not a sensation in the 
muscle, but a notion of the quantity of neiwe force which the brain 
is excited to call into action,** Soon after tips date, we find Sir 
William Hamilton (1846), in his ‘Notes and Dissertations* on Reid, 

* See p. 541. 

Y Y 2 
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maintaining that the notion of ‘ resistance * or ‘ weight * is appre- 
hended ** through the locomotive faculty and not the muscidar 
seiise** His view was almost precisely similar to that of Muller; 
for whilst holding that resistance and weight are measured 
principally by what he terms tlae ‘ locomotive faculty,* he admits 
that the appreciation by this faculty of the greater or less force of 
our “ mental motive energy ** is always accompanied and aided “ by 
sensations, of which the muscular nisus or quiescence, on the one 
hand, and the resisting, the pressing body, oit the other, are the 
causes.” He adds : — “Of these sensations, the former, to wit, the feel- 
ings connected with the states of tension and relaxation, lie wholly in 
the muscles, and belong to what has sometimes been distinguished as 
the muscular sense. The latter, to wit, the sensations determined 
by the foreign pressure, lie partly in the skin, and belong to the 
sense of touch proper and cutaneous feeling, partly in the flesh, 
and belonging to the muscular sense. These affections, sometimes 
pleasurable, sometimes painful, are, in either case, merely modifica- 
tions of the sensitive nerves distributed to the muscles and to the 
skin.** 

This opinion that we appreciate ‘ weight * or ‘ resistance * prin- 
cipally by the so-called ‘ locomotive faculty * was, a little latter, also 
favourably regarded by Ludwig, who says (‘Lehrb. der Physiologic,* 
1852): — “It is conceivable and not unlikely that all knowledge 
and discrimination arrived at through the exertion of the voluntary 
muscles are attained directly through the act of voluntary 
excitation, so that the effort of the will is at once proceeded on as 
a means of judgment.** Prof. Bain, in the first edition of his- 
work, “The Senses and the Intellect** (1855), seemed t© incline to 
the same view, though his opinion waef not quite adequately ex- 
pressed. He demurs to what he calls Hamilton’s assumption that 
“ we have a feeling of the state of tension of a muscle, indepen- 
dently of our feeling of motive power put forth.** “It may be 
quite true,** he adds, “ that sensitive nerve filaments are supplied 
to the muscles as well as motor filaments, and ,that ^hroij^h these 
we are affected by the organic condition of the tislhe, as in the 
first class of feelings above described ; but it does not follow that 
we obtain by the same filaments a distinctive feeling of the degree 
of the muscle’s contraction.” When, a few lines farther on, Bain 
speaks of “ a sense of expended energy ** as “ the great character- 
istic of the muscular consciousness,” his precise view becomes 
indistinct r.nd somewhat confused. 

Landry, a little later (‘Trait^ des Paralysies,* 1850), relying upon 
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pathological as well as psychological data, re-affirms the same kind 
of view us that of Hamilton (doubted by Bain) in reference to the 
existence of impressions yielding feelings of tension coming from 
the muscles by sensory nerves; only, instead of regarding (with 
Hamilton) these impressions as subsidiary, he deems them all-im- 
portant, and denies that our notions of resistance, weight, &c., can 
be derived from any mere cerebral process, or, indeed, from any 
other source than the moving parts themselves. He says “ The 
ego has a direct consciousness of the phenomena of volition ; it 
knows immediately that there has been a voluntary stimulus, and 
to what part of the body it, is directed ; as to the effects produced 
it is only mediately informed of these and can disregard them 

The nervous action which incites the movement can only, 

therefore, furnish to consciousness an idea of the volition, and not 

that of its execution It is necessary that the effect of 

the central incitation (the contraction) should be produced in order 
that the brain may perceive, and then it perceives, at the same 
time, both the seat and the degree of contraction. The movement 
itself is, therefore, the source whence we derive notions of this JciroV^ 
This latter part of the view of Landry, adverse to the notions of 
Muller, Hamilton, Ludwig and others, in regard to the ‘ locomotive 
faculty,’ was about the same time independently affirmed by G. H. 
Lewes (‘Physiol, of Common Life,’ vol. ii. 1860), though in regard 
to the mode in which we derive our impressions ftpm the moving 
members, Lewes, in part, introduced us to a new view — based how- 
ever, upon very debatable grounds. He deemed it an error to regard 
the nerves of the anterior and of the i)Osterior roots as essentially 
' distinct in/unction the fibres of each, he contended, are both sen- 
sory and motor— -that is ^capable of transmitting ingoing impres- 
sions as well as outgoing stimulations, though they may minister 
to these functions in different i)roportions. The kind of sensibility 
to which motor nerves directly contribute (by conveying impres- 
sions backwards from muscle to motor centre) must, Lewes thought, 
“ be that of^jvhat we call the Muscular Sense, by which we adjust 
the mafcfolJr niceSes of contraction required in our movements.” 
“ The body is balanced,” he added, “ by an incessant shifting of the 
muscles, one group antagonizing the other. But this would be 
impossible, unless each muscle were adjusted and co-ordinated by 
sensation.” Lewes admits, however, that such sensations do not 
much “ emerge into that prominence which causes the mind to attend 
to them,” and he cites Schifi’ as holding the view that “ all the pheno- 
mena {i.e,, conscious impressions) attributed to the muscular sense 
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are due to the foldings and stretchings of the skin when the muscles 
contract*/’ Trous8eau’8+ view was very similar to that of Schilf. 

Wundt (‘ Menschen-u. Thier-Seele,’ I. p. 222, lvS63), thinks it 
most probable that “ the sensations accompanying the contraction 
of the muscles arise in the nerve fibres that transmit the motor 
impulse from the brain to the muscles.” If it were due to sensory 
nerves in the muscles, he says, “the muscular sensation would 
constantly increase and decrease with the amount of internal or 
external work done by the muscle. But this is not the case ; for 
the strength of the sensation is dependent only on the strength oF 
the motive influence passing outwards ^from the centre, which sets 
on the innervation of the motor nerves.” A statement similar to 
this was made by Hamilton, though it* has now been shown to be 
completely erroneous. The contrary condition of things is, indeed, 
well illustrated by the cases of Hemeaux, and Spaeth (pp. 698, 700). 

Bain’s statements in the second edition of his work (1864) become 
more explicit than they were in the first. He says : — “ Our safest 
assumption is that the sensibility accompanying muscular move- 
ment coincides with the outgoing stream of nervous energy, and 
does not, as in the case of x)ure sensation, result from an influence 
passing inwards by ingoing or sensory nerves.” This opinion •is 
repeated and emphasized in the third edition (1808), in which he 
adds (p. 70), in regard to the characteristic feeling of exerted 
force, “ we ar(v. bound to presume that this is the concomitant 
of the outgoing current by which the muscles are stimulated 
to act.” He considers it to be of immense consequence, from a 
philosophical point of view, that such impressions should bo asso- 
ciated with the outgoing current, and not dependent upqn ordinary* 
sensory nerves. J ^ 

Bastian (‘ On the !^fusclllar Sense, ’^Brit: Med. Journ., April, 
1869) says: — “All the evidence we can obtain from disease, and 
also, as I think, the evidence which we can obtain from the most, 
careful examination of our own sensations, goes rather to support, so 
far, the oj^inion of Landry — that these iiflx^ressipns not depend 
ui>on our notions of the quantity of nerve-force liberated Juriiig a 
volitional eflroi*t, or, in other words, upon the mind’s consciousness 

• See Lia ‘ Muakel u. NorvenpliyNiol.,' pp. 150, IT. ^ 

t ‘ Clinical Medicine,' art. ‘ Locomotor ataxy ’. 

t The -very existence of sensory nerve.s in Muscles -was formerly hold to be quite 
\iucertain. This doubt, hqwever, no longer exists. The investigations of Sachs 
(' Centralblalt fUr die Mod. Wissensch.,’ 1873, and * Archiv filr Anutomio,’ 1874) have 
shown conclusively that sensory fibres are abundant within the Muscle itself, and 
tliat, liaving a .ourse and distribution entirely distinct from the motor filaments, 
they enter the Spinal Cord by the xx>st^or or «ensory roots of thiPsplual nerves. 
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of its own outgoing energy.” The feeling of * expended energy * 
by which we obtain our ideas of resistance and of an external 
world is not contained in, or an appanage of, the volitional act, 

“ but is derived through impressions emanating from the moving 
organs themselves.” Our perceptions of ‘ resistance * and of ‘ weight ’ 
are, in fact, “ partly made up of tactile impressions, partly of 
passive sensations emanating from our muscles and joints, and of 
inferences founded upon these . . . . experience certain 

feelings of pressurei combined with certain sensations in the 
muscles and in the joints, and wo gradually come to associate 
certain combinations of these with the sensations produced by 
handling certain standard weights.” If the term ‘ muscular sense * 
is not to bo applied to the passive sensibilities of muscle, then it 
must be restricted to mere * unconscious’ impressions, which may, 
perhaps, pass upwards from spinal motor centres to the brain by a 
special set of fibres (see p. 699, note). Such an endowment would, 
in that case, have to be regarded as “ an unconscious organic guide 
in the performance of voluntary movements,” and for the existence 
of some such guide, evidence is not altogether wanting. It would 
also, in all probability, supply the guiding sensations necessary 
during the continuance of automatic movements. 

If we attempt to classify the views (which have been above set 
forth or referred to in mere order of time), as to the modes by which 
we apprehend different degrees of resistance and weighty they may 
be ranged as follows : — 

I. I'^stiination of Will-force (through a so-callea *locomo- 
ti VO faculty ’) anterior to and independent of sensations from 
the moving members. Scaligir and W undt. 

'1, By £•“ sense of expended energy” which is *‘a con- 
comitant of the outgoing curfhnt ’’—that is, by a sensory 
revelation Iresuliing from the aqtivily of motor centres, 
nerves and muscles. (This view, which is allied to the last, 
differs from it by the added supposition, that the appreci- 
ation of weight or resistimce requires more thjm the activity 
of the ^litional centre, and can take place only on con 
^tion tmit the motor incitation is not stopped by paralyzing 
or other lesions, but goes on to evoke the activity of the 
motor nerves and muscles with which the volitional centre 
is in relation.) Bain. 

3 . By4ngoing currents or impressions from the muscles, 
conv( 3 yed back to the volitional centres by the motor 
nerves themselves. (According to this view, motor centres 
and nerves would bo coincidently or in immediately succes 
Bive increments of time engaged with outgoing and with in 
going currents.) Xfirts. 


Throufirh 
Motor m 
Centies. y 
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Sensory 

Centres. 


4. Principally in the way specified by Scaliger (f.e., 
through a ‘locomotive faculty’), though this appreciation is 
aided by ordinary sensory impressions, traversing sensory 
nerves and coming from the moving members, e.g., by feel- 
ings of tension and pressure from tlio muscles (‘ muscular 
sense ’), and feelings of pressure emanating from the skin. 
J, Muller and Umiiltmi. 

5. Through impressions of tension and pressure trails- 
mitttid by ordinary sensory nerves from the moving rneni- 
befs, e.g.^ from muscles, from joints and from skin; and 
possibly, in addition, through certain ‘ unconscious ’ impres- 
sions passing by special afferent nerves from the siiinal 
motor centres. Bantimi. 

6. Through impressiofis of tension and pressure emanating 
from the contracting muscles, transmitted by ordinary sen- 
sory nerves of muscle to^sensory centres. Landry. 

7. Through cutaneous and articular irnpres-sions alone. 
Schi jff" and Trousseau. 


On the other hand, in regard to the existence and nature of any- 
thing like a distinct * muscular sense,’ we meet with the following 
different views : — 


1, That there is such an Endowment : though opposing notions 

are entertained as to the source of its impressions and as 
to its seat. * 

a. Its impressions (becoming symbols of ‘ weight * or 

‘resistance’) are derived from muscles through 
• sensory nerves, and its seat is on the sensory side. 
ITamilton, Landry y &c. 

b. Its impressions are derived from muscles through 

motor nerves, and its seat is on the motor^sido,* 
Lewea, (Allied to this, though eabh differing 
sometvhat therefrom, are, the views of Wundt 
an^ Bain.) • 

2. That there is no such Endowment. 

a. That impressions giving notions of ‘ weight * and 
‘ resistance,’, and knowftdge ^ th^pos^ion and 
movements of a limb, are not nerived from 
muscles. Sehiff and Trousseau, 
h. That the above impres«ions are only in part 
derived from muscles, and, as those having such 
an ^rigin are for the most part of the ‘ uncon- 
scious ’ type, that there is no endowment worthy 
of the name of ‘ muscular sense.’ Bastian. 
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Since 1869 the i)rincipal contributions to the subject have been 
made by Bernhardt (‘ Archiv fur Psychiatric *, vol. iii., 1872), Weir 
Mitchell (‘Injuries of Nerves’, 1872), Perrier (‘Functions of the 
Brain’, 1876), and G. II. Lewes (‘ Brain,* No. i., April, 1878). 

Bernhardt supports the intermc^diate view that our notions of 
' resistance ’ and ‘ weight * are derived principally from an appre- 
hension of the degree of outgoing energy in the volitional centre, 
though in part, also, from ordinary centrjpetal^impressions. Weir 
Mitchell also holds an intermediate doctrine: he admits the efficacy 
of ordinary centripetal impressions from skin, joints, and muscle, 
though he, in addition, relies upon an estimation of another kind, 
more distinctly connected with the volitional act, either in the 
manner suggested by Scaliget and Wundt, or else after the fashion 
suggested by the present writer in 1869. His words are (loc. ciL 
p. 3r)8) : — “ Probably, then, a part of those ideas which we are pre- 
sumed to obtain through the muscular sense are really coincident 
with, and necessitated by, the originative act of will, or else are 
mesmges sent to the sensoriuni from the 8}nnal ganglia which every 
act of motor volition cdicites.^* Weir Mitchell adduces many 
extremely interesting facts in reference to the sensations in ques- 
tion*, and the power of recalling feelings of movement referred to 
amputated limbs, which have a very interesting bearing upon this 
subject. He thinks, and his facts seem to show, that something 
more than mere ordinary centripetal impressions require to be 
postulated ; but ho admits that these facts may be explained just 
as well by impressions passing to the sensorium from spinal as 
from ferebral motor centres. 8o far, therefore, Weir Mitchell’s 
views are clpsely in accord with those previously expressed by 
the writer in 1869— thougli this was apparently unknown to 
Mitchell at the time of the jyiblication of his Avork. 

I The reasons cited by the present writer in 1869 seemed quite 
sufficient to entitle him absolutely to reject the notion that degrees 
of ‘resistance’ and ‘weight’ were apprehended through the cerebral 
motor cei^resArathar thA from centripetal impressions. The 
grounds lov onis rejection have been, however, very decidedly 
strengthened by Perrier. Experiments made by himself and 
Lauder-Brunton show that muscular discrimination of weight is 
independent of the volitional act, since it can be exercised when 
the muscles are made to contract artificially by means of the 
electric stimulus (loc. cAt,, p. 228), The facts furnished by certain 
persons suffiering from complete JSemUdncBsthesia also seem con- 



698 


APPENDIX. 


clusively opposed to the notion of Wundt, Bain and Lewes, and to 
others who may hold that any part of our notions concerning 
degrees of ‘resistance* are derived from the volitional or motor 
centres. A case of this kind was long ago recorded by Demeaux*, 
some details of which are well jvorthy of being cited. There was 
a comj^lete loss of sensibility (both superficial and deep) in 
the moving member, and Demeaux says : — “ She put her muscles 
in action under th|^ inflyence of her will, but she had no con- 
sciousness of the movements which she executed ; she knew not 
what was the position of her arm — it was impossible for her to say 
whether it was extended or flexed. K one told the patient to raise 
her hand to her ear, she executed the movement immediately ; but 
when my hand was interposed between her own and the ear, she 
was not conscious of it ; if I stopped her arm in the midst of its 
movement, she did not become aware of it. If I fixed, without 
allowing her to be aware of it, her arm upon the bed and told her 
to raise the hand to her head, she strove for an instant and then 
became quiet, believing that she had executed the movement. If 
I induced her to try again, showing her that her arm had remained in 
the same place, she attempted to do so with more energy, and as 
soon as she was compelled to call into play the muscles of*the 
opposite side [of the body ], she recognized that the movement was 
opposed.’* 

In the recent contribution of G. H. Lewes to this subject, he 
brings forward no new arguments against the possible exclusive 
adequacy of passive sensibilities, and he now largely admits them 
as components of the complex group of imjy'essions resulting from 
movements which go to make up what is known as the ‘Muscular 
Sense.* And except ijiat he holds to the doctrine that some active 
sensibilities enter into the same coiyplex, his present views are 
almost entirely in accordance with those expressed by the writer, in 
the paper above referred to. The evidence which Lewes considers 
favourable to the existence of an ‘ active * element in the ‘ muscular 
sense * endowment, can, in the writer’s (^inioi^ be Mtteyxplaincd 
by the supposition previously started, and still favoured by him, 
that a set of ‘ unfelt ’ impressions relating to states of tension of 
muscles exists — the components of which are more or less distinct 
from those that reveal themselves in consciousness. 

The writer, for ini^ance, pointed out in 1869 that in ‘ locomotor 

• * Dos HemicH Crurales/ Thtse de Paria, 1843, p. 100, and quoted by Ferrier inhia 
* Functioqa of ^ xb Brain,' p. 181. 
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ataxy ’ tlie amount of symptoms indicative of a diminution in the 
so-called ‘ muscular sense * was generally proportionate to the im- 
pairment of the different modes of common sensibility in the limb. 
Yet some more exceptional cases of this disease recorded by 
Dazire, Trousseau and others, as .well as some remarkable cases 
referred to by Landry, in which, withoiit the existence of ancesthcsia, 
the patients were reduced to a condition very similar, as regards 
motility and the sensations resulting frpm njovement, to that of 
Domeaux’s patient, seemed to show pretty conclusively “that the 
brain is assisted in the execution of voluntary movements by guid- 
ing impressions of some kind^ which, whilst they differ in mode of 
origin from the impressions derivable by means of the ordinary 
cutaneous and deep sensibility, may differ still further from these, 
owing to the fact of their not being revealed in consciousness* .... 
'f here fs clearly a loss of something in these cases, of a something 
which serves as a guide in the execution of voluntary movements, 
but whose absence can be compensated by the supervision of the 
visual sense ; and this is in great part the function which some 

physiologists attach to the ‘muscular sense* my position 

is that these impressions of the muscular sense, whose existence 
we 'are thus obliged to postulate, are unconscious impressions, 
and that the conscious impressions that have usually been stated 
to fall within its province are really derivable through modes of 
ordinary cutaneous and deep sensibility.*’ • 

The conclusions thus deduced in 18G9, are fully borne out by 
what we now know concerning Hemi-anmsthesia of cerebral origin, 
•'fhe ijistance recorded^by Demeaux is altogether exceptional, since 
in many of such cases complete superficial, and in some even deep 
» 

* Tho route of tlicse afforiuit iinpressions at the cfiiiuneiiueTuent uiul towards 
the end of tlieir vourtio wa.s thci.» wholly unknown, ^d in face of difficulties 
<>re.seuted by evidence adduced by Arnold, the writer hazarded tho following 
conjecture : “ I’hus 1 assume it to b*} that when molecular changes are 

■ e'xcitcd in certain spinal mf)tor cells as a result of a volitional impulse, proportional 
recurrent impressions may be ^rried along certain fibres taking origin from the 
motor coll«^and^ccnd;|jig in Ine posterior coliunus of the cord.” In this 'way 
tho brain mighf® derive impression.s rcfcrrible to the dcgi*ce of activity of the 
Various muscles, or sets of muscles, of a limb. Hut our present increased knowledge 
concerning tho existence of ‘sensory’ nerves in mu.sele, no longer renders necessary 
any such hypothesis, especially ils the writer is now inclined to agree with Ferrler 
in his interpretation (‘Functions of the Brain,’ p. ‘?U0) of Arnold’s oxporlmonts. He 
thus no longer fools any difficulty in believing that some of the sensory fibres of 
muscles which enter tho spinal cord by tho piisterior roots«of tho spinal nerves, may 
transmit to the brain those almost ever-present ‘ unconscious ' impressions which 
so materially guide us in the execution of all our movements. 
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and superficial, anaesthesia, may exist without much if at all dis- 
turbing the co-ordination of movements on the same side of the body 
— a phenomenon several times seen by the writer, and which was also 
recently pointed out to him by Prof. Charcot on the occasion of iiii 
examination of some of his renjarkable hemiansesthetic patients at 
la Salpetriere. In Demeaux’s case (in addition to cutaneous and 
deep sensibility) those peculiar ‘unconscious’ impressions may 
have been cut off, the loss of which alone in the patients of Landry 
produced an inco-ordination of movement i»the absence of sight 
impressions. His case is, therefore, most instructive in its bear- 
ings upon the general question. There was in this woman a total 
disappearance of all that kind of knowledge which has, by one or 
other, been ascribed to, or supposed ih be derived from, the * mus- 
cular sense.’ The woman was ignorant of the position of her 
limbs, and unconscious of any movements which she might Execute. 
The volitional centres, the spinal motor centres, the motor nerves 
and the muscles were capable of being called into activity as beforti 
— yet all the information usually supposed to be derived through 
the ‘ muscular sense ’ had vanished. 

A precisely similar condition of things also existed in a cele- 
brated case of spinal-cord disease, associated with extreme anassthe- 
sia, which was observed by Spaeth and Schueppel (see Ziemssen’s 
“ Cyclopa3dia,” vol. xiii, p. 88). Concerning the state of this 
patient the following note may be quoted ; — “ Sense of pressure in 
the upper extremity, and the sense of force, entirely extinct. Sense 
of position of the upper extremity and of passive movements of 
the latter completely extinct. Movements of the upper extrepiitieii 
powerful and perfectly correct ; the patient eats alone„dresses hiin- 
self, etc., as far as he gan direct his actft with his sight ” 

No clearer evidence than this, together with what has been 
previously mentione'd, could be forthcoming to show that the know- 
ledge of the position of our limbs, of their movements, and of the 
state and degrees of contraction of our muscles generally, does 
not depend, as Wundt, Bain, and othfl*s as|ume,i|iupon impres- 
sions that are “concomitants of,” or that coincife with, “the 
outgoing stream of nervous energy 
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Optjo lobetf, 264. 

„ ' „ of Birds, 131. 

„ „ Fishes, 115. 

„ „ Reptiles, 125. 

„ nerves, decussation of, 115, 469. 

„ ii^alamu^ 269. ' 

„ tracts, 4(J8, 

Orang, brain of, 299, 300, 302. 
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Pyriform processes, 266. 


Qiiadmmana. Vain of, 286. •. 
(Quadrupeds, brain of, 254. 


B. 

Rabbit, brain of, 261. 

Ray, braii^f, IVjk 

Reading, ^>cosJK involved in, 609, 624, 
640. 

Referred sensations, 697. 

Reflex actions, 25, 156-162. 

„ movements, 516. 

Reptiles, brain of, 126. 

II cerebral lobes of, 127. 

t, cranial nerves of, 1291, 

M olfactory lobes of, 129. 

u optic lobes of, 125. 


Resistance, appreciation of, 691. 

„ not recognizod by motor cen> 
tres, 698. 

Rhinoceros, hemisphere of, 280. 

Roach, brain of, 115. 


Sacculoj, audi^ry, 85. 

Saudhopper, nervous systeni of, 90. 
Scotchman, brain of, 382. 

Sensation and Perception, 689. 

„ complex nature of, 180-186. 
Sensations, 170-173, 589. 

„ and movements, 592. 

„ order of, 174. 

„ visceral, 69, 545. 

Souse endowments and intelligence, 307- 
311. 


„ of direction, 66, 214, 219, 239. 

„ hearing, 64, 205. 

„ movement, 543. 

„ sight, 59, 205. 

,, » m ants, 241. 

„ smell, 208, 213. 

„ space, 219. 

,, tiiste, 58. 

„ touch, 206. 

„ organs of mollusks, 75. 

,, ,, situatiijn of, 62. 

Sensorial activity and consciousness, 485. 

Sensory surfaces, 66. 

Sexual instinct and cerebellum, 600. 

Shark, 115. 

Sight, i^erceptive centre of, 533. 

„ sense of, 59, 205. 

„ ^ in Ants, 241. 

Sleep, 486. 

Smell, sense df, 208, 213. 

,, convolutional centre for, 635. 

„ unilateral loss of, 488. 

Snail, nervous system of, 79. 

Social insects, intelligence of, 237, 246. 

„ language of, 245. 

Space, sense of, 219. 

Speech, defects of, importance of, 673. 

„ idea of, 695. 

„ incitations, different tracts 
679. 

„ „ emotional, 680. 

„ modSs of acquisition of, 602, 609. 
„ movements and the left Hemi- 
sphere, 681. 
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Spcocli, a primary automatic act, 000. 
Spider, nervous system of, 99. 

Spinal Cord of Fishes, 113. 
Spontaneous movements, &!>. 

Squirrel, brain of, 266. 

,, -monkey, brain of, 289, 
Stoinato-gastric system, 98. 

Subjective states, 140 

Substrata of mind, cerebral, 089-000. 

Sylvian fissure, 395. 

Symbolism in Thought, 422. 
Sympathetic ganglion, 475. 

,, nervous system, 134, 472. 

Sympathy, 416. 

System of fibres, 441. 

Systemic nerves, 472, 


T. 


Tactile centres, 593. 

,, sensibility, varieties of, 540. 
Ttenia seinicircularis, 450. 

Tapezoid bodies, 261. 

I'asto, convolutional centre for, 537. 

„ sense of, 58. 

Tegmentum, 436. 

'I’halamus, 128, 437. 

Third frontal convolution, 446. 

,, ventricle of ^irds, 128, 

Thought and language, 036. 
Thought-processes, mode of investigation 
of, 614. 

Touch, active, 691. 

„ convolutional centre for, 538, 593. 
„ different modes of, OG. 

„ elementary modes of, />7. 

„ sense of, 206. 

Transmission, hereditary, *180. 

'I’unicata, nervous system of, 71. 


TJ. 


l/nconscious cerebration, 144. 

„ cognition, 103, 167. 

intelligence, 107. 
kinscsthctic imxuessions, 
699. 

it nerve actions, J.45, 200-203. 


Unification of consciousness, 490. 
Unilateral atrophy of cerebellum, 507. 
„ movements, 496. 


V. 

Vegetal tissues, transmission of stimuli 
through, 15-17. 

„ units, 7, 11. 

Vegotals, Lifo&proccsses of, 2. 

Velum intorpositum, 269. 

Ventricle/ fourth, 130, 264, 
third, 128, 270. 

Ventricles, lateral, 267, 429. 

Vertsbratos, nervous centres of. 111. 

„ weight of brain in, 130. 
Visceral impressions, 68, 137, 221, 476, 
646. 

„ nerves of insects, 106. 

„ nervous system, 134, 472. 

„ promptings, 137. 

„ states, 226. 

„ systemic nerves, 472. 

Visual word-ccutre, defective action of, 
627, 033. 

Vclition, analysis of, 550. 

,, last mental stage of, 551. 

Volitional stimuli, path of, 565, 570. 
Voluntary movements, 581. 

„ „ and cerebcllmn, 

502, 506. 

,, ,, mode of execu- 

tion of, 5o3— . 


W. ‘ 

■VlTanderoo, ]>rain of, 293. 

Watd^ -beetle, nervous system of, 105. 
Weighing brain, methods of, 353. 
Weight, appreciation of, 695. 

„ of brain, influences modifying 
aa 854. 375. 

il3L/^;tob^jtcs, i:50. 
White 4i^t, nervous sj^tem of, 105. 

„ matter, norvouC; 28. 

Will, 495, 650-^52. / 

„ 8C(fpo of, 548. 

„ source pf, 669, 682, 647. 

Writing, procossoe iny>lved in, 609, 617 
640-043. ' 
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Phantasmion. A Fairy Tale. 
With an Introductory Preface by the 
Right Hon. Lord Col^idge, of 
Ottcry St. Mary. A New Edition. 
Illustrated. Crown 8vo. Cloth, 
pnee 7f. 6 d, 


COLERI DGE (Sara)— conttHued, 
Memoir and Letters of Sara 
Coleridge. Edited by her Daughter. 
With Index. 2 vols. With Two 
Portraits. Third Edition, Revised 
and Corrected. Crown 8vo. Cloth, 
price 24f. 

Cheap Edition. With one Portrait. 
Cloth, price js. 6d, 

COLLINS (Mortimer). 

The Secret of Long Life. 

Small crown 8vo. Cloth, price 3f. 6d. 

Inn of Strange Meetings, 

and other Poems. Crown 8vo. 
Cloth, price Sf. 

COLLINS (Rev. R.), M.A. 
Missionary Enterprise in 
the East. With special reference 
to the Syrian Christians of Malabar, 
and the results of modern Missions. 
With Four Illustrations. Crown 
8vo. Cloth, price 6f. 

CONWAY (Hugh). 

A Life’s Idylls. Small crown 

8 VO. Cloth, price 3 f. 6d, 

COOKE (M. C.), M.A., LL.D. 
Fungi; their Nature, Influ- 
ences, Uses, &c. Edited by the Rev. 
M. J. Berkeley, M. A., F. L. S. 
With Illustrations. Second Edition. 
Crown 8vo. Cloth, price sf. 

Volume Xiy. of The International 
Scientific Series. , 

COOKE (Prof.J. P.) 

The New Chemistry. With 

31 Illustrations. Fourth Edition. 
Crown 8 VO. Cloth, price sf. 

Volume IX. of The International 
Scientific Series. 

Scientific Culture. Crown 

8vo. C^oth, price if. 

COOPER (JT. T.), F.R.G.S. 

The Mishmee Hills: an 
Account of a Journey made in an 
Attempt to Penetrate I'hibet from 
Assam, to open New Routes for 
Commerce. Second Edition. With 
Four Illustrations and Map. Post 
8vo. Cloth, price lof. 6d. 

COOPER (H. T.). 

The Art of Furnishing on 
Rational and /Esthetic Prin- 
ciples. New and Cheaper Edition. 
Fcap. 8vo. Cloth, price is. 6d. 
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COPPEE (Francjois). 

L’Exilce. Done into English 
Verse with the sanction of the Author 
by I. O. L. Crown 8vo. Vellum, 
price 5J. 

CORY (Lieut. Col. Arthur). 

The Eastern Menace; or,« 
Shadows of Coming Events. 
Crown 8vo. Cloth, price 5f. 

lone. A Poem in Four Parts, 
Fcap. 8vo. Cloth, price Sf. • 
CORY (William). 

A Guide to Modern Eng- 
lish History. Part 1 . MDCCCXV. 
— MDCCCXXX. Dcmy8vo. Cloth, 
price g.?. 

Cosmos. 

A Poem. Fcap. 8vo. Cloth, price 

3J. 6<f. 

COURTNEY (W. L ). 

The Metaphysics of John 
Stuart Mill. Crown 8vo. Cloth, 
price 5J. 6^. 

COWAN (Rev. William). 

Poems : Chiefly Sacred, in- 
cluding Translations from some 
Ancient Latin Hymns. Fcap. 8vo. 
Cloth, price sj. 

COX (Rev. Sir G. W.), Bart. 

A History of Greece from 

the Earliest Period to the end of the 
Persian War. New Edition. 2 vols. 
Demy 8vo. Cloth, price 365. 

The Mythology of the 
Aryan Nations. New Edition. 2 
vols. Demy 8vo. Cloth, price 285. 

A General History of Greece 

from the Earlie.st Period to the Death 
of Alexander the Great, with a sketch 
of the subsequent Histtrj’ to the 
present time. New Edition. Crown 
8vo. Cloth, price yr. hd. 

Tales of Ancient Greece. 

New Edition. Small crown 8vo. 
Cloth, price 6 j. 

School History of Greece. 

With Maps. New Edition. Fcap. 
8vo. Cloth, price y. 6d, 

The Great Persian War 

from the Histories of Herodotus. 
New Edition. Fcap. 8vo. Cloth, 
price y. 6d. 


COX (Rev. Sir Q. W.), BArt.-con- 
tinned. 

A Manual of Mythology 

in the form of Question and Answer. 
New Edition. Fcap. 8vo. Cloth, 
price 3f. 

COX (Rev. Sir G. W.), Bart., 
M.A., and EUSTACE HIN- 
TON JONES. 

Popular Romances of the 

Middle Ages. Second Edition in 
one volume. Crown 8vo. Cloth, 
price 6f. « 

COX (Rev. Samuel). 

Salvalor Mundi ; or. Is 
Christ Saviour of all Men? Sixth 
Edition. Crown 8vo. Cloth, price 51. 

The Genesis of Evil, and 

otffer Sermons, mainly Expository. 
Crown 8vo- Cloth, price 6f. 

CRAUFURD(A. H.). 

Seeking for Light ; Sermons. 

Crown 8vo. Cloth, price 5s. 

CRESSWELL (Mrs. O.). 

The King’s Banner. Drama 

in Four Acts. Five Illustrations. 
4to. Cloth, price lof . 6d. 
CROMPTON (Henry). 

Industrial Conciliation. 

Fcap. 8vo. Cloth, price 2S. 6d. * 

DANVERS (N. R.). 

The Suez Canal: Letters 

and Documents descriptive of its 
Rise and Progress in 185A-56. By 
Ferdinand de Lesseps. Iranslated 
by. Demy 8vo. Cloth, price los. 6d. 
Parted. A Tale of Clouds 

and Sunshine. With 4 Illustrations 
Extra Fcap. 8vo. Clotli, price 3^. §d. 

Little Minnie’s Troubles 

An Every^Sty (Chronicle?* With Fou: 
jllu^Yations by^ W. H. Hughes. 
Fcap. Cloth, price 3^. 6d. 

Pinie’s Adventures ; or, the 

Tale of a Terrier. With ai Illustra- 
tions. i6mo. Cloth, price 41. 6d. 
Nanny’s Adventures; or, 
the Tale of a Goat. With 12 Illus- 
tratioClk. i6mo. Clc^ price 4f. 6d. 
DAVIDSON(Rev.Sl&uea!ffD.D., 
LL.D. 

The New Testament, trans- 
lated from the Latest Greek 
Text 4f Tiachendorf. A New and 
thoroughly Revised Edition. Post 
8vo. Cloth, price lof. 6d. 
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DAVIDSON(Rev. Samuel), D.D., 
LL.D.~ continued. 

Canon of the Bible : Its 

Formation, History, and Fluctua- 
tions. Second Edition. Small crown 
8vo. Cloth, price sr. 

DAVIES (Q. Christopher). 

Mountain, Meadow, and 

Mere : a Series of Outdoor Sketches 
of Sport, Scenery, Adventures, and 
Natural History. With Sixteen Il- 
lustrations by Bosworth W. ^ Har- 
court. Crown 8vo. Cloth, price 6s. 
Rambles and Adventures 
of Our School Field Cl^b. With 
B'our Illustrations. Cro^n ^vo. 
Cloth, price 55. 

DAVIES (Rev. J. L.), M.A. 

Theology and Moraftty. 

Essays on Questions of Belief and 
Practice. Crown 8vo. Cloth, price 

7S. 6d. 

DAVIES (T. Hart.). 

Catullus. Translated into 

English Verse. Crown 8vo. Cloth, 

price 6s. 

DAWSON (George), M.A. 
Prayers, with a Discourse 
on Prayer. Edited by his Wife. 
Fifth Edition. Crown 8vo. Price 6s. 
• Sermons on Disputed 

Points and Special Occasions. 
Edited by his Wife. Third Edition, 
Crown 8 VO. Cloth, price 6.v. 

Sermons on Daily Life and 
Duty. Edited by his Wife. Second 
Edition. Crown 8vo. Cloth, price 6j, 


DE L’HOSTE (Col. E. P.). 

The Desert Pastor, Jean 


Ji^rousseau. Transl^l^ed from the 
'^French of Eugene Pelletan. With a 
Frontispiece. Ne\^ EdfSon. Fcap. 
8vo. Cloth, price 3J. 6d. • _ 

DENNIS (J.). 

English Sonnets. Collected 


and Arranged. Elegantly bound. 
Fcap. 8 VO. Cloth, price 3s. 6d. 


DE REDCLIFFB (Viscount 
Stratford), P.C., K.Q., G.C.B. 
Why amAl a^Chril^iaii ? 
Fifth ahliti<^r Crown 8vo. Cloth, 
price 3^. ^ 

DESPREZ (Philip S.). 

Daniel and John; or, the 
Apocalypse of the Old and*that of 
me New Testainent. Demy 8vo. 
Cloth, price xas. 


DE TOCQUEVILLE (A.). 

Correspondence and Con* 

versations of, with Nassau Wil- 
liam Senior, from 1834 to 1850. 
Edited by M. C. M. Simpson, a 
vols. Post 8vo. Cloth, price 2X4r. 

DE VERB (Aubrey). 

Legends of the Saxon 
Saints. Small crown 8vo. Cloth, 
price 6s. 

Alexander the Great. A 

Dramatic Boem. Small crown 8vo. 
Cloth, price 5^, 

The Infant Bridal, and 

other Poems. A New and En- 
larged Edition. Fcap. 8vo. Cloth, 
price ns. 6d. 

The Legends of St. Patrick, 

and other Poems. Small crown 
8vo. Cloth, price 5^. 

St. Thomas of Canterbury. 

A Dramatic Poem. Large fcap. 8vo. 
Cloth, price 5^. 

Antar and Zara : an Eastern 

Romance. Inisfail, and other 
Poems, Meditative and Lyrical. 
Fcap. 8vo. Price 6s. 

The Fall of Rora, the 
Search after Proserpine, and 
other Poems, Meditative and Lyrical. 
Fcap. 8 VO. Price 6s. 

DOBSON (Austin). 

Vignettes in Rhyme and 
Vers de Societc. Third Edition. 
Fcap. 8vo, Cloth, price 5s. 
Proverbs in Pofcelain. By 

the Author of “ Vignettes in Rhyme.” 
.Second Edition. Crown 8vo. 6s. 
DOWDEN (Edward), LL.D. 
Shakspere : a Critical Study 

of his Mind and Art. Fourth Edition. . 
Large post 8vo. Clotli, price i2J. 
Studief in Literature, 1789- 
1877. Large post 8vo. Cloth,pricei2f. 
Poems. Second Edition. 
Fcap. 8vo. Cloth, price 5s. 
DOWNTON (Rev. H.), M.A. 
Hymns and Verses. Ori- 
ginal and Translated. Small crown 
8vo. Cloth, price p'. 6d. 

DRAPER (J. W.), M.D., LL.D. 
History of the Conflict be- 
tween Religion and Science. 
Eleventh Edition. Crown 8vo. Cloth, 
price 5s. 

Volume X 1 1 1 . of The International 
Scientific Series. 
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DREW (Rev. G. S.), M.A, 
Scripture Lands in con- 
nection with their History. 
Second Edition. 8vo. Cloth, price 
105. 6d. 

Nazareth : Its Life and 
Lessons. Third Edition. Crown 
8vo. Cloth, price 5J. 

The Divine Kingdom on 

Earth as it is in Heaven. 8vo. 

Cloth, price los. 6d. ^ ^ 

The Son of Man : His Life 
and Ministry. Crown 8vo. Cloth, 
price js. bd. 

DREWRY (Q. O.), M.D. 

The Common-Sense 
Management of the Stomach. 
Fifth Edition, Fcap. 8vo. Cloth, 
price as. 6d. 

DREWRY (G. O.), M.D., and 
BARTLETT (H. C.), Ph.D., 
F.C.S. 

Cup and Platter ; or, Notes 

on Food and its Effects. New and 
cheaper Edition. Small 8vo. Cloth, 
price 15 . 6d. 

DRUMMOND (Miss). 

Tripps Buildings. A Study 
from Life, with Frontispiece. Small 
crown 8vo. Cloth, price 31. 6d. 

DU MONCEL (Count). 

The Telephone, the Micro- 
phone, and* the Phonograph. 
With 74 Illustrations, Small crown 
8vo. Cloth, price 5J. 

DURAND (Lady). 

Imitations from the Ger- 
man of Spitta and Terstegen. 
Fcap. 8vo. Cloth, price 4J. 

DU VERNOIS (Col. vog Verdy). 

Studies in leading Troops. 

An authorized and accurate Trans* 

' lation by Lieutenant H. J. T. 
Hildyard, ytst Foot. Parts I. and 
II. Demy 8vo. Cloth, price 7s. 
EDEN (Frederick). 

The Nile without a 
Dragoman. Second Edition. 
Crown 8vo. Cloth, price 7s. 6d. 

EDMONDS (Herbert). 

Well Spent Lives : a Series 

of Modern Biographies. Crown 8vo. 
Price 5A‘, 


Educational Code of the 
Prussian Nation, in its Present 
Form. In accordance with the 
Decisions of the Common Provincial 
Law, and with those of Recent 
Legislation. Crown 8vo. Cloth, 
price as. 6d. 

EDWARDS (Rev. Basil). 

Minor Chords; or, Songs 

for the Suffering: a Volume ol 
Verse. Fcap. 8vo. Cloth, price 
3 r. 6d. ; paper, price as. 6d. 
ELLIOT (L2^y Charlotte). 

Medusa and other Poems. 

Crown 8110. Cloth, price 6f. 
ELJ^IOI/t (Ebenezcr), The Corn- 
Law Rhymer. 

Poems. Edited by his Son, 
tht^<ev. Edwin Elliott, of St. John's, 
Antigua. 2 vols. Crown 8vo. Cloth, 
price i8j. 

ELSDALE (Henry). 

Studies in Tennyson’s 
Idylls. Crown 8vo. Cloth, price 5 j. 
Epic of Hades (The), 

By the author of “ Songs of Two 
Worlds." Ninth and finally revised 
Edition. Fcap.Svo. Cloth, price7J.6<f. 

Also an Illustnited Edition with 
seventeen full-page designs in photo- 
mezzotint by GkOKOK R. CliAPMAN.0 
4to. Cloth, extra gilt leave.s, price 25^. 
Eros Agonistes. 

Poems. IJy E. B. D. Fcap. 8vo. 
Cloth, price jjf. 6d. 

Essays on the Endowment 

of Research. 

By Various Writers. 

Stjuiire crown 8vo. Cloth, price 

loj. 6d. 

EVANS (M«rk). • 

The Gt^pel.of Hc^e Life. 
Cro>||ii 8vo. Cloth, price 4s. 6d. 

The Story of our Father’s 

Love, told to Children. Fourth 
and Cheaper Edition. With Four 
Illustrations. Fcap. 8vo. Cloth, 
price IS. 6d. 

A Book of Common Prayer 


price as. 6d. 

The King’s Story Book. 

In three parts. Fcap. 8vo. Cloth, 
price ft. 6(/. e.ich. 

Part 1 ., with four illustr.'-itioii.s 
and Picture Map, now ready. 
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EX-CIVILIAN. 

Life in the Mofussil; or, 

Civilian Life in Lower Bengal. 2 
vols. Large post 8vo. Price 141. 

EYRE (Mar-Gen. Sir V.), C.B.. 
K.C.S.I., &c. 

Lays of a Knight- Errant 

in many Lands. Square crown 
8vo. With Six Illustrations. Cloth, 
price IS. td. 

FARQUHARSON (M.). 

I. Elsie Dinsmore. ^Crown 

8vo. Cloth, price sj. (id. A -* 

XL Elsie’s Girlhood. Crown 

Svo. Cloth, price 3J. (id. • 

III. Elsie’s Holidays at 
Roselands. Crown Svo. 
Cloth, price 35. (id. 

FERRIS (Henry Weybridge). 
Poems. Fcap. Svo. Cloth, 
price 5f. 

FIELD (Horace), B.A. Lond. 
The Ultimate Triumph of 
Christianity. Small crown 8vo. 
Cloth, price (id. 

FINN (the late James), M.R.A.S. 

Stirring Times ; or, Records 

from J erusalem Consular Chronicles 
of 1853 to 1856. Edited and Com- 
iled liy Ids Widow. With a Preface 
y the Viscountess Sikangkord. 

2 vols. Demy Svo. Price 30J. 

FLEMING (James), D.D. 

' •Kdftrly Christian Witnesses ; 
or, Testimonies* of flie ^irst Cen- 
turies to the Truth of ChrisliaiSIty.^ 
Small crown Svo. Cloth, pr\ce 35. dd. 
Folkestone Ritual Ca4e 

(The). The Argument, Proceedings, 
Judgment, and Report, revised by 
, - the several Counsel engaged. Demy 
Svo. Cloth, price 25s. 

POOTM^ (^. H.j^ M.A.'* 
From non* and Back ; or, 
Some Aspects of Sin as seen in the 
Light of the Parable of the Prodigal. 
Crown Svo. . Cloth, price 5s. 

FOWLS (Rev. Edmund). 

Latin Primer Rules made 

Easy. Crown Svo. Cloth, price 3s, 


FOWLE (Kcv. T. W.), M.A. 

The Reconciliation of Re- 
ligion and Science. Being Essays 
on Immortality, Inspiration, Mira- 
cles, and the Being of Christ. Demy 
• Svo. Cloth, price los. 6d. 

The Divine Legation of 
Christ. Crown Svo. Cloth, price ys. 
FOX-BOURNE (H. R.). 

The^ Lifd' of John Locke, 

1632 — 1704. 2 vols. Demy Svo. 

Cloth, price 28^. 

FRASER (Donald). 

Exchange Tables of Ster- 
ling and Indian Rupee Cur- 
rency, upon a new and extended sys- 
tem, embracing Values from One 
Farthing to One Huivdred Thousand 
Pounds, and at Rates progressing, in 
Sixteenths of a Penny, from ij. gd. to 
2J. 3d. per Rupee. Royal Svo. 
Cloth, price lor. 6d. 

FRISWELL (J. Hain). 

The Better Self. Essays for 
Home Life. Crown Svo. Cloth, 
price 6s. 

One of Two; or, A Left- 
Handed Bride. With a Frontis- 
piece. Crown Svo. Cloth, price 3J. 6d. 

FYTCHE (Lieut.-Gen. Albert), 
C.S.I., late Chief Commissioner of 
British Burma. 

Burma Past and Present, 

with Personal Reminiscences of the 
Country. With Steel Portraits, Chro- 
molithographs, hLngravingson Wood, 
and Map. 2 vols. Demy 8vo. Cloth, 
price 30J. 

GAMBIER(Capt. J. W.), R.N. 
Servia. ,Crown Svo, Cloth, 
price 5jr. 

GARDNER (tl.). 

Sunflowers. A Book of 

Verses. Fcap. Svo. Cloth, price 5^. 

GARDNER (J.), M.D. 

Longevity : The Means of 

Prolonging Life after Middle 
Age. Fourth Edition, Revised and 
F.iilarged. Small crown Svo. Cloth, 
price 4.r. 

GARRETT (E.). 

By Still Waters. A Story 
for puifct Hours. With Seven Illus- 
trations. Crow^ Svo. Cloth, price 6s, 



12 


A List of 


GEBLER (Karl Von). 

Galileo Galilei and the 
Roman Curia, from Authentic 
Sources. Translated with the sanc- 
tion of the Author, by Mrs. George 
Sturge. DemySvo. Cloth, price 

GEDDES (James). 

History of the Administra- 
tion of John de Witt, Grand Pen- 
sionary of Holland. »yol. 1^,1623— 
1654. Demy 8vo., with Portrait. 
Cloth, price 15^. 

G. H. T. 

Verses, mostly written in 
India. Crown 8vo. Cloth, price 6i'. 
GILBERT (Mrs ). 
Autobiography and other 
Memorials. Edited by losiah 
Gilbert. Third Edition. Witn Por- 
trait and several Wood Engravings. 
Crown 8vo. Cloth, price 6d. 
GILL (Rev. W. W.), B.A. 
Myths and Songs from the 
South Pacihe. With a Preface by 
F. Max Muller, M.A., Professor of 
Comparative Philology at Oxford. 
Post 8vo. Cloth, price 9J. 

GLOVER (F.), M.A. 

Exempla Latina. A Fir.st 

Construing Hook with .Short Notes, 
Loxicun, and an Introduction to the 
Analysis of*. Sentences. Fcap. 8vo. 
Cloth, price 2s. 

GODWIN (William). 

William Godwin; His 
Friends and Contemporaries. 
With Portraits and Facsimiles of the 
handwriting of Godwin and his Wife, 
By C. Kegan Paul. 2 vols. Demy 
8vo. Cloth, price 28J. 

The Genius of Christianity 

Unveiled. Being Essays never 
before published. Editea, with a 
Preface, by C. Kegan Paul. Crown 
8vo. Cloth, price 7s. Cd. 

GOETZE (Capt. A. von). 
Operations of the German 
Engineers during the War of 
1870-1871. Published by Authority, 
and in accordance with Official Docu- 
ments. Translated from the German 
by Colonel G. Graham, V.C., C.B., 
H.E. With 6 large Maps. Demy 
8 o. Cloth, price 21s. 


GOLDIE (Lieut. M. H. Q.) 

Hebe ; a Tale. Fcap. 8yo. 

Cloth, price sj. 

GOLD SM ID (Sir Francis Henry). 

Memoir of. With Portrait. 

Crown 8vo. Cloth, price 5J. 

GOODENOUGH (Commodore J. 
G.), R.N.,C.B.,C.M.G. 

Memoir of, with Extracts from 

his Letters and Journals. Edited by 
his Widow.^ With Steel Engraved 
Portrait. Square 8vo. Cloth, 5s. 

4llso a Library Edition with 
^laps/ Woodcuts, and Steel En- 
graveef Portrait. Square post 8vo. 
Cloth, price 14J. 

GO%SE (Edmund W.). 

Studies in the Literature of 

Northern Europe. With a Frontis- 
piece designed and etched by Alma 
Tadcma. Large po.st 8vo. Cloth, 
price I2J. 

New Poems. Crown 8vo. 

Cloth, price 7s. td. 

GOULD (Rev. 8. Baring), M.A. 

Germany, Present and Past. 

2 Vols. Demy 8vo. Cloth, price 2xs. 

The Vicar of MorwenstoW*: 

a Memoir of the Rev. R, S. Hawker. 
\yitli Portrait. Third Edition, re- 
vised. Square post 8vo. Cloth, lof. 

GRANVILLE (A. B.), M.D., 

F.R.S.,&c. 

Autobiography of A. B. 
Granville, F. R. S., &c. Edited, 
with a brief Account of the concluding 
Years of ♦his Life, by his youj g^^ 
Daught^ P^ulina^B. Granville, y 
vols. \¥Tin a Portrait.* Second Edi- 
,, ticfii. Demy 8vo. Cloth, price 32^. 

GR^Y (John), of Dilston. 

John Grey (of Dilston) : 
Memoirs. By Jos^hine E. Butler. 
New and Revised Edition. Crown 
8vo. Cloth, price 3s, 6d, * • 

GRIFFITH (Rev. T.), A.M. 
Studies if the^ivij^ Mas- 
ter. Demy 8vo. Sloth, price 12s. 
GRIFFITHS (Capt. Arthur). 
Memorials of Millbank,and 
Chapters in Prison Histor}'. 
With Illustrations by R. Goff and 
the Author. 2 vols. Post 8vo. Cloth, 
price 21.S. 
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QRIMLBY (Rev. H. N.), M.A. 
Tremadoc Sennons, chiefly 
on the Spiritual Body, the Unseen 
World, and the Divine Humanity. 
Second Edition. Crown 8vo. Cloth, 
price 6f. 

QRUNER(M. L ). 

Studies of Blast Furnace 
Phenomena. Translated by L. D. 
B. Gordon, F.R.S.E., F.G.S. Demy 
8vo. Cloth, price 6d, 

GURNEY (Rev. Archer). 

Words of Faitl^ and Cheer. 
A Mission of Instruction and Sugges- 
tion. Crown 8vo. Cloth, price 6s. 
Gwen : A Drama hi Mono- 
logue. By the Author of me “ lipic 
of Hades." Second Edition. Fcap. 
8vo. Cloth, price sr. « 

HAECKEL (Prof. Ernst). 

The History of Creation. 

Translation revised by Professor E. 
Ray Lankester, M.A., F.R.S. With 
Coloured Plates and Genealogical 
Trees of the various groups of both 
plants and animals. 2 vols. Second 
Edition. Post 8vo. Cloth, price 32^. 

The History of the Evolu- 
tion of Man. With numerous Il- 
lustrations. 2 vols. Large post 8vo. 
Cloth, price 32J, 

Freedom in Science and 
Teaching. From Ihe German of 
Ernst Haeckel, with a Prefatory 
Note by T, H. Huxley, F. K.S. 
Crown 8vo. Cloth, price 5J. 

HAKE (A. Egmont). 

Paris Originals, with twenty 

etchings, by Leon Richeton. Large 
post 8 VO. Cloth, price 14^. 
Htalleck's International 
Law; i)r,*Ri>l« 4 J)gulating the 
Intercourse of States m Pe#ce and 
War. A New Edition, revised, i^th 
Notes and Cases. By Sir Sber-.ton 
Baker, Bart. 2 vols. Denfy 8vo. 
Cloth, price 38s. 

HARCOURT (Capt. A. F, R). 

The Shakespeare Argosy. 

Containing _much of thejyealth of 
Shi^spews Wiidom Imd Wit. 
alpnroeticply arranged and classi- 
fied. Crown 8vo. Cloth, price Cs. 

HARDY (Thomas). 

A Pair of Blue Eyes. New 

Edition. With Frontispiece. Crown 
8vo. Cloth, price 6s. 


HARDY (Thomas)— continued. 

The Return of the Native. 
New Edition. With Frontispiece. 
Crown 8vo. Cloth, price 6s. 

HARRISON (Lieut.-Col. R.). 

The Officer's Memoran- 

dum Book for Peace and War. 

Second Edition. Oblong 32mo. 
roan, elastic band and pencil, price 
3f. 6d . ; russia, sr . 

HAWEIS(Rev. H. R.). M.A. 
Asrows^in the Air. Crown 
8vo. Second Edition. Cloth, price 6s. 

Current Coin. Materialism — 
The Devil— Crime — Drunkenness — 
Pauperism- Emotion — Recreation — 
The Sabbath. Third Edition. Crown 
8 VO. Cloth, price 6s. 

Speech in Season. Fourth 

Edition. Crown 8vo. Cloth, price 91. 

Thoughts for the Times. 

Eleventh ICdition. Crown 8vo. Cloth, 
price js. 6d. 

Unsectarian Family 
Prayers. New and Cheaper Edition. 
Fcap. 8vo. Cloth, price tl 6d, 

HAWKER (Robert Stephen). 

The Poetical Works of. 

Now first collected and arranged 
with .a prefatory notice by J. G. 
Godwin. With Portrait. Crown 8vo. 
Cloth, price T2J. 

HELLWALD (Buron F. von). 
The Russians in Central 
Asia. A Critical Examination, 
down to the present time, of the 
Geography and History of Central 
Asia. Translated by Lieut.-Col. 
Theodore Wirgoi.T-n, LL. B. Large 
post 8vo. With Map. Cloth, 
price IV. 

HELVIG^Major H ). 

The Operations of the Ba- 
varian Arnw Corps. Translated 
by Captain G. S. Schwabe. With 
Five large Maps. In 2 vols. Demy 
8vo. Cloth, price 24J. 

Tactical Examples ; VoL I. 

The Battalion, orice iw, Vol. II. The 
Regiment and JJrigade, price tos.6d. 
Translated from the German by Col. 
Sir Luinley Graham. With numerous 
Diagrams. Demy 8vo. Cloth. 
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HERFORD (Brooke). 

The Story of Religion in 
England. A Book for Young Folk. 
Crown 8vo. Cloth, price ss. 

HEWLETT (Henry G.). 

A Sheaf of Verse. Fcap. 

8vo. Cloth, price 3^. 6</. 

HINTON (James). 

Life and Letters of. Edited 
by Ellice Hopkins, with an Introduc- 
tion by Sir W. W. Gull, Bart., and 
Portrait engraved on Sfeel by t. H. 
Jeens. Second Edition. Crown 8vo. 
Cloth, 8 j . 6f/. 

Chapters on the Art of 
Thinking, and other Essays. 
With an Introduction by Shadworth 
Hodgson. Edited by C. H. Hinton. 
Crown 8vo. Cloth, price 8 j. 6//. 

The Place of the Physician. 

To which is added Essays on thk 
Law of Human Life, and on the 
Relation between Organic and 
Inorganic Worlds. Second Edi- 
tion. Crown 8vo. Cloth, price 3^. 

Physiology for Practical 

Use. By various Writers. With 50 
Illustrations, avols. Second Edition. 
Crown 8vo. Cloth, price i2j. 6/i. 

An Atlas of Diseases of the 

Membrana Tympani. With De- 
scriptive Text. PostSvo. Price 

The Questions of Aural 

Surgery. With Illustrations, avols. 
Post 8vo. Cloth, price i2j. 6</. 

The Mystery of Pain. 

New Edition. Fe.ap. 8vo. Cloth 
limp, IS. 

HOCKLEY (W. B.). 

Tales of the 2enaoa; or, 

A Nuwab’.s Leisure Hours. By the 
Author of “ Pandurang Hari.” With 
a Preface by Lord Stanley of Alder- 
ley. 2 vols, Crown 8vo. Cloth, 
price 21J. 

Pandurang Hari; or, Me- 
moirs of a Hindoo. A Tale of 
Mahratta Life .sixty years ago. With 
a Preface by Sir H. Bartle E. 
Frere, G. C. S. I., &c. New and 
Cheaper Edition. Crown 8vo. Cloth, 
price Of. 


HOFFBAUER (Capt). 

The German Artillery in 
the Battles near Meta. Based 
on the official reports of the German 
Artillery. Translated by Capt. E. 
O. Hoi list. With Map and Plans. 
Demy 8vo. Cloth, price 21J. 

HOLMES (E. G. A.). 

Poems. First and Second Se- 
ries. Fcap.Svo. Cloth, prices^, each. 
HOLROYD (Major W. R. M.). 
Tas-hil ;ul Kiilam ; or, 
Hindustani made Easy. Crown 8vo. 
Cloth, price sf. 

HOpP^ (Mary). 

Little Dinners : Hoy; to 
Serve them with Elegance and 
Economy. Thirteenth Edition. 
Crown 8vo. Cloth, price ss. 

Cookery for Invalids, Per- 
sons of Delicate Digestion, and 
Children. Crown 8vo. Cloth, price 
3 .L 6d. 

Every-Day Meals. Being 

Economical and Wholesome Recipes 
for Breakfast, Luncheon, and Sup- 
per. Second Edition. Crown 8vo. 
Cloth, price 5J. 

HOOPER (Mrs. G.). 

The House of Raby. With 

a Frontispiece. Crown 8vo. Cloth, 
price 3f. 6(/. 

HOPKINS (Ellice). 

Life and Letters of James 

Hinton, with an Introduction by Sir 
W. W. Gull, Bart., and Portrait en- 
graved on ?teel by C. H. Jeeits.- 
Second Edi^n., J>own ^yo. Cloth 
price jgf. 6/71“ 

h6pkins.(m.). 

Tht Port of Refuge; or. 

Counsel and Aid to Shipmasters in 
Difficulty, Doubt, or Distress. Crown 
8vo. Second and Revised Edition. 
Cloth, wice 6f . 

HORNE (Willfem),fj.A.^ 

Reason and R^elation : 

an Examination into the Nature and 
Contents of Scripture Revelation, as 
compar^ with other Forms of Truth. 
Demy 8vo. Cloth, price la#. 
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HORNER (The Misses). 

Walks in Florence. A New 

and thoroughly Revised Edition. 2 
vols. Crown 8vo. Cloth limp. With 
Illustrations. 

Vol. I. — Churches, Streets, and 
Ifelaces. T0.9. (id. Vol. II.— Public 
Galleries and Museums. 5f. 

HOWELL (James). 

A Tale of the Sea, Son- 
nets, and other Poems. Fcap. 
8 VO. Cloth, price 5J. 

HUGHES (Allison^ 

Penelope and other Poems. 

Fcap. 8 VO. Cloth, price aj. 6/f. 
HULL (Edmund C. P.ft * 
Tha European in India. 

With a Medical Guide for Aj^glo- 
Indians. By K. R. S. Mair, M.D., 
F. R.C.S.E. Third Edition, Revised 
and Corrected. Post 8vo. Cloth, 
price 6f . 

HUTCHISON (Lieut.-Col. F. T.), 
and Capt.G. H. MACGREGOR. 
Military Sketching and Re- 
connaissance. With Fifteen Plates. 
Small 8vo. Cloth, price 6 j. 

'I'he first Volume of Military Hand- 
books forRegimental OflTicers. Edited 
by Lieut.-Col. C. B. Brackenbuky, 
• R.A., A.A.G. 

HUTTON (Arthur), M.A. 

The Anglican Ministry. Its 

Nature ami V.alue in relation to the 
Catholic Priesthood. With a Pre- 
face by his Eminence Cardinal Nevv- 
m.an. Demy iSvo. Cloth, price 144’. 

HUXLEY (Prof.) 

The Crayfish : An Intro- 

»* * Auction to the Stui^ of Zoology. 
With Jllustrations. 

Crown 8vo. (jloth, price 6 a'- 

Volume XXVI 1 1 , of the Tiitcnia- 
tional Scientific Scientific Series. 

INCHBOLD(J. W.). ’ 

Annus Amoris. Sonnets. 

Fcap. 8vo. Cloth, price 4f. (id, 

INOELOW (Jean). 

OfUhe ll^elli^. i^Movel. 

Witi^'ronlppiece. Second Edition. 
Crown 8vo. Cloth, price (s. 

The Little Wonder-horn. 

A Second Series of “ Stories Told to 
a Child.” With Fifteen Illustrations. 
Small 8vo. Cloth, price 2f. (id. 


ts 

Indian Bishoprics. By an 

Indian Churchman. Demy 8vo. (id. 

International Scientific 
Series (The). 

I. Forms of Water : A Fami- 
liar Exposition of the Origin and 
Phenomena of Glaciers. By J. 
Tyndall, LL.D., F.R.S. With 25 
Illustrations. Seventh Edition. Crown 
8vo. Cloth, price ^s. 

II. Physics and Politics ; or. 
Thoughts on the Application of the 
Prmciples*of “ Natural Selection” 
and “Inheritance” to Political So- 
ciety. By Walter r*agehot. Fourth 
Edition. Crown 8vo. Cloth, price 4JI. 

III. Foods. By Edward Smith, 
M.D., &c. ^ With numerous Illus- 
trations. Fifth Edition. Crown 8vo. 
Cloth, price 

IV. Mind and Body: The Theo- 
ries of their Relation. By Alex<ander 
Bain, LL.D. With Four Illustra- 
tions. Sixth Edition. Crown 8vo. 
Cloth, price 4^. 

V. The Study of Sociology. 
ByHerhcrt Spencer. SeventhEdition. 
Crown 8vo. Cloth, price 5f. 

VI. On the Conservation of 
Energy. By Balfour Stewart, 
LL.D., Slc. With 14 Illustrations. 
Fifth Edition. Crown 8vo. Cloth, 
price sj’. 

VII. Animal Locomotion; or. 
Walking, Swimming, and Flying. 
ByJ. B. Pettigrew, M.D.,&c. With 
T30 Illustrations. Second Edition. 
Crown 8vo. Cloth, 4)rice $s, 

VIII. Responsibility in Mental 
Disease. By Henry Maudsley, 
M. D. 'I'hird Edition. Crown 8vo. 
Cloth, price sj. 

IX. The New Chemistry. By 
Professor J. P. Cooke. With 31 Illus- 
trations. Fourth Edition. Crown 8vo. 
Cloth, yicc 5s. 

X. The Science of Law. By 
Prof. Shelflon Amos. Third Edition. 
Crown 8vo. Cloth, price 5^. 

XI. Animal Mechanism. A 
Treatise on Terrestrial and Aerial 
Locomotion. By Prof. E. J. Marey. 
With 117 Illustrations. Second 
Edition. Crown 8vo. Cloth, price ^s. 

XII. The Doctrine of Descent 
and Darwinism. By Prof. Oscar 
Schmidt. With 26 Ilhu trations. 
Third Edition. Crown 8vo. Cloth, 
price 5J. 
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International Scientific 
Series (The) — continued, 

XIII. The History of the Con- 
flict between Religion and Sci- 
ence. By J. W. Draper, M.D., 
LL.D. Eleventh Edition. Crown 
8vo. Cloth, price 5s 

XIV. Fungi ; their Nature, In- 
fluences, Uses, &c. By M. C. 
Cooke, LE.D. Edited by the Rev. 
M. J. Berkeley, F.L.S. With nume- 
rous Illustration.s. Second Edition. 
Crown 8vo. Cloth. priSe 5f. ^ 

XV. The Chemical Effects of 
Light and Photography. By Dr. 
Hermann Vogel. With 100 Illustra- 
tions. Third and Revised Edition. 
Crown 8vo. Cloth, price sJ. 

XVI. The Life and Growth of 
Language. By Prof. William 
Dwight Whitney. Second Edition. 
Crown 8vo. Cloth, price 55. 

XVII. Money and the Mecha- 
nism of Exchange. By W. Stan- 
ley Jevons, F.R.S. Fourth Edition. 
Crown 8vo. Cloth, price 5^. 

XVIII. The Nature of Light: 
With a General Account of Pliysical 
Ot)tics. By Dr. Eugene I.ommel. 
With 188 Illustrations and a table of 
Spectra in Chrorno - lithography. 
Second Edition. Crown 8vo. Cloth, 
price SJ. 

XIX. Animal Parasites and 
Messmates. By M. Van Beneden. 
With 83 Illustrations. Second Edi- 
tion. Crown 8vo. Cloth, price sj. 

XX. Fermei^tation. By Prof. 
Schutzenberger. With 28 Illustra- 
tions. Second Edition. Crown 8vo. 
Cloth, price SJ. 

XXI. The Five Senses of Man. 
By Prof. Bern.stein. With 91 Illus- 
trations. Second Edition. Crown 
8vo. Cloth, price 5J. 

XXII. The Theory of Sound in 
its Relation to Music. «By Prof. 
Pietro Blaserna. With numerous 
Illustrations. Second Edhion. Crown 
8vo. Cloth, price sj. 

XXIII. Studies in Spectrum 
Analysis. By J. Norman Lockyer. 
F.R.S. With six photographic Il- 
lustrations of Spectra, and numerous 
engravings on wood. Crown 8vo. 
Second Edition. Cloth, price 6j. 6d. 

XXIV. A History of the Growth 
of the Steam Engine. By Prof. 
R. H. Thurston. With numerous 
Illustrations. Second Edition, Crown 
8vo. Cloth, price 6s. 6d. 


International Scientific 
Series (The) — continued, 

XXV. Education as a Science. 
By Alexander Bain, LL.D. Third 
Edition. Crown 8vo. Cloth, price 5J. 

XXVI. The Human Species. 
By I’rof. A. de Qnatrefages. Second 
Edition. Crown 8vo. Cloth, price 55. 

XXVII. Modern Chromatics. 
With Applications to Art and Indus- 
try, by Ogden N. Rood. With 130 
origin.al lllu^rations. Crown 8vo. 
(Jloth, price 5J. 

XXyill. The Crayfish : an Intro- 
duction^ the Study of Zoology, By 
IVof. TvH. Huxley. With eighty- 
two llhrstrations. Crown Svof Cloth, 
pri«2 6.f. 

Forthcoming Volumes, 

Prof. W. Kingdom Clifford, M.A. 
The First Principles of the Exact 
Sciences explained to the Non-ma- 
themiitical. 

W. 13 . Carpenter, LL.D., F.R.S. 
The Physical Geography of the Sea. 
Sir John Lubbock, Bart., F.R.S. 
On Ants and Bees. 

Prof. W. T. Thiselton Dyer, B. A., 
B.Sc. Form and H.ahit in Flowering 
Plants. 

Prof. Michael Foster, M.D. Pro- 
toplasm and the Cell Theory. 

H. Charlton Bastian, M.D., 
F.R.S. The Brain as an Organ of 
Mind. 

Prof. A. C. Ramsav, TJf.D., F.R.S. 
Earth Sculpture : Hills, Valleys, 
Mountains, Plains, Rivers, Lakes ; 
how they wtre Produced, and hfiw*i 
they have be^u £(^stKayed. 

P. IVtRT (Professor of Physiology, 
rari.s). Forms of Life and other 
Cos^ical C’onditions. 

The Rev. A Skcchi, D.J., late 
Director of the Observatory at Rome. 
The Stars. 

Prof. T- Rosenthal, of the Univer- 
sity of Rrlangen. Gen^l Physiology 
of Musics ancIjNerv^i 
Francis G alton, F.ltS. Psycho- 
metry. 

J. W. Judd, F.R.S. The Laws of 
Volcany: Action. 

Prof. F. N. Balfour. The Em- 
bryonic Phases of Animal Life. 
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International Scientific 
Series (The) — continued, 

J. Luys, Physician to the Hospice 
de la Salpetriere. The llrain and its 
Functions. With Illustrations, 
ttr. Carl Srmpkr. Animals and 
their Conditions of Existence. 

Prof. ^ WuRTZ. Atoms and the 
Atomic Theory. 

Georgk J. R0MANK.S, F.L.S. Ani- 
mal Intelligence. 

Alfred W. Rrnnf.tt. A Hand- 
book of Cryptogamic* Botany. 


JACKSON (T. G.). 

Modern Gothic Architec- 

ture. Crown 8 VO. Clotl? price 5J. 

JACol^ (Mai. -Gen. Sir G^ Le 
Grand), K.C.S.I., C.B. 
Western India before and 
during the Mutinies. Pictures 
drawn from life. Second Edition. 
Crown 8 VO. Cloth, price 6d. 


JENKINS (Rev. Canon). 

The Girdle Legend of Prato. 

Sm.^ll crown 8vo. Cloth, price 2s. 


JENKINS (E.) and RAYMOND 
(J.), Esqs. 

A Legal Handbook for 
' Architects, Builders, and Build- 
ing Owners. Second Edition Re- 
vised. Crown 8vo. Cloth, price 6s, 


JENKINS (Rev. R. C.), M.A. 
The Privilege of Peter and 
the Claims of the Roman Church 
confronted with the Scriptures, the 
Councils, and the Testimony of the 
Popes them.selves. Fcap. 8vo. Cloth, 
price 3s. 6d, ^ 

J^B N N I N GS«<M£»i^aughan). 
Rahell Heri-iie'*and^ Let- 
ters. With a Portrait from the 
Painting by Daffinger. * Square post 
8vo. Cloth, price ^s. 6d. 


Jeroveam*s VVife and other 
Poems. B'eap.’ 8vo. Cloth, price 
3J. 6d, 

Money and the Mechanism 
of Exchange. Fourth Edition. 
Crown 8vo. Cloth, price 5J. 

VolumeXVII.of The IntCTnational 
Scientific Series. 


JOEL (L.). 

A Consul’s Manual and 

Shipowner's and Shipmaster’s Prac- 
tical Guide in their Transactions 
Abroad . With Definitions of Nauti- 
cal, Mercantile, and Legal Terms ; 
a Cdossary of Mercantile Terms in 
English, BVcnch, German, Italian, 
and Spanish. Tables of the Money, 
Weights, and Measures of the Prin- 
cip.al Commercial Nations and their 
B^quivalcnts in British St.andards ; 
anej^Form^of Consular and Notarial 
Acts. Demy Svo. Cloth, price 12.?. 
JOHNSTONE (C. F.), M.A. 
Historical Abstracts. Being 

Outline.s of the History of some of 
the less-known .States of Europe. 
Oown Svo. Cloth, price ^s. 6d. 

JONES (Lucy). 

Puddings and Sweets. Being 
Three Hundred and Sixt>r-Five 
Receipts approved by Experience. 
Crown 8vo., price 2s. 6d. 

JOYCE (P. W.), LL.D., &c. 

Old Celtic Romances. 
Translated from the Gaelic by. 
Crown Svo. Cloth, price ^s. 6d. 
KAUFMANN (Rev. M.), B.A. 
Utopias; or, Schemes of 
Social Improvement, from Sir 
Thomas More to Karl Marx. Crown 
Svo. Cloth, price 5.y. 

Socialism : Its Nature, its 

Dangers, and its Remedies con- 
sidered. Crown 8vo. Cloth, price js.6d, 
KAY (Joseph), M.A., Q.C. 

Free Trade in Land. 
Edited by his Widow. V.^ith Preface 
by the Right Hon. John Bright, 
M. P. Third Edition. Crown Svo. 
Cloth, price 5s, 

KER (David). 

The Qoy Slave in Bokhara. 

A Tale of Central Asia. With Illustra- 
tions. Cro\Mi Svo. Cloth, price 3^. 6d, 

The Wild Horseman of 

the Pampas. Illustrated. Crown 
Svo. Cloth, price 3^. 6d. 

KERNER (Dr. A.), Professor of 
Botany in the University of 
Innsbruck. 

Flowers and theirUnbidden 
Guests. Translation edited by W. 
Ogle, M. A., M.D., and a prefatory 
letter by C. Darwin, B'. R. S. With Il- 
lustrations. Sq. Svo. Cloth, price 9«. 
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KIDD (Joseph), M.D. 

The Laws of Therapeutics, 

or, the Science and Art of Medicine. 
Crown 8vo. Cloth, price 6 j. 

KINAHANfG. Henry), M.R.I.A., 
&c., of her Majesty’s Geological 
Survey. 

Manual of the Geology of J 

Ireland. With 8 Plates, 26 Wood- 
cuts, and a Map of Ireland, geologi- 
cally coloured. Square 8vo. Cloth, 
price isf. 

KING (Alice). ^ 

A Cluster of Lives. Crown 

8 VO. Cloth, price ^s. (id. 

KING (Mrs. Hamilton). 

The Disciples. A Poem. 

Third Edition, with some Notes. 
Crown 8vo. Cloth, price ^s. (d. 

Aspromonte, and other 

Poems. Second Edition. Fcap. 

8 VO. Cloth, price 4^. td, 
KINGSLEY (Charles), M.A. 
Letters and Memories o! 
his Life. Edited by his Wifr. 
With 2 Steel engraved Portraits and 
numerous Illustrations on Wood, and 
a Facsimile of hi.s Handwriting. 
Thirteenth Edition. 2 vol.s. Demy 
8 VO. Cloth, price 36J. 

Also a Cabinet Edition in 2 
vols. Crown 8 vo. Cloth, price 125. 

All Saints* Day and other 
Sermons. Second Edition. Crown 
8 VO. Cloth, yjf. 6rf. 

True Words for Brave 

Men: a Book for Soldiers’ and 
Sailors' Libraries. Fifth Edition. 
Crown 8 VO. Cloth, price 2jr. (d, 

KNIGHT (A. F. C.). 

Poems. Fcap. 8vo, Cloth, 
price ss. 

KNIGHT (Professor W.). 

Studies in Philosopjiy and 
Literature. Large post 8 vo. Cloth, 
price js. 6d. •* 

LACORDAIRE (Rev. P&re). 

Life: Conferences delivered 
at Toulouse. A New and Cheaper 
Edition. Crown 8 vo. Cloth , price 3^. Cd. 

Lady of Lipari (The). 

A Poem in Three Cantos. Fcap, 
8vo. Cloth, price ^s. 
LAIRD-CLOWES (W.). 

Love’s Rebellion : a Poem. 
Fcap. 8vo, Cloth, price ^s, 6d. 


LAMONT (Martha MacDonald). 

The Gladiator : A Life under 

the Roman Empire in the beginning 
of the Third Century. With four 
Illustrations by II. M. Paget. Extra 
fcap. 8vo. Cloth, price 3^-. 6d. 

LAYMAN N (Capt.). 

The Frontal Attack of 

Infantry. Translated by Colonel 
Edward Newdigate. Crown 8vo. 
Cloth, price as. 6d, 

LEANDER (Richard). 
Fantastic'" Stories. Trans- 
lated from the German by Paulina 
B. Gran^lle. With Eight full-page 
IlkistraCons by M. E. Fraser-Tytler. 
Crown 8vo. Cloth, price 5s. ^ 

LEEft(Rev. F. G.), D.C.L. 

The Other World; or, 

Glimpses of the Simernatural. 2 vols. 
A New Edition. Crown Svo. Cloth, 
price i5f. 

LEE (Holme). 

Her Title of Honour. A 

Book for Girls. New Edition. With 
a Frontispiece. Crown Svo. Cloth, 
price 5s, 

i LENOIR (J.). 

Fayoum; or, Artists in Egypt 
A Tour with M . Gdrome and others 
With 13 Illustrations. A New an« 
Cheaper Edition. Crown Svo. Cloth, 
price 3.C. 6d. 

LEWIS (Edward Dillon). 

A Draft Code of Criminal 
Law and Procedure. Demy Svo. 
Cloth, price 21.V. 

LEWIS (Mcf.^y A.). 

A Rat Tales. 

With 'Four Illustrations by Catherine 
r.Frcrc. Ih:owii Svo. Cloth, price s-r. 

LINI 53 AY(W. Lauder), M.D.,&c, 
Mind in the Lower Animals 
in Health and Disease. 2 vols. 
Demy Svo. Cloth, price 32.V. 

LOCKHC(F.). ^ 

London Lyrics. ^N^and 
Revised Edition, with Additions and 
a Portrait of the Author, Crown Svo. 
(.’loth, elegant, price 6s. 

Also, .a Cheaper Edition. Fcap. 
8vo. Cloth, price 2J. 6d, 
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LOCKYER (J. Norman), F.R.S. 
Studies in Spectrum Ana- 
lysis ; with six photographic illus- 
trations of Spectra, and numerous 
engravings on wood. Second Edi- 
tion. Crown 8vo. Cloth, price 6.f. (id. 

International 

LOMMEL (Dr. E.). 

The Nature of Light : With 

a General Account of Pliystcal Optics, 
Second Edition. With i88 Illustra- 
tions and a Table of Spectra in 
Chrorno-lithography.e Second Edi- 
tion. Crown 8vo. Cloth, price 5^. 

Volume XVIII. of Tim Interna- 
tional Scientific Series. \ 
LONSDALE (Margaret)? * 
Sisfl^r Dora. A Jhograpliy, 
with Portrait engraved on steel by 
C. H. Jeens, and one illustration. 
'I'welfth edition,. Crown Svo. Cloth, 
price 6s. 

LORIMER (Peter), D.D. 

John Knox and the Church 

of E ngland : His Work in her Pulpit, 
aud^ his Influetice upon her Liturgy, 
Articles, and Parties. Demy Svo. 
Cloth, price lar. 

John Wiclif and his 
English Precursors, by Gerhard 
Victor Lechler. Translated from 
the German, with additional Notes. 
2 vols. Demy Svo. Clotli, price zij. 
LOTHIAN (Roxburghe). 

Dante and Beatrice from 
1282 to 1290. A Rorn.ance. 2 voLs. 
Post Svo. Cloth, price 24J. 
LOWNDES (Henry). 

Poems and Translations. 

*tirowii Svo, Cloth, p^ce Os. 
LUCAS (AUc^ . _ 
TransUtionS^ lr<?m ^ the 
Works of German Poets of tWe 
i8th and igth Centunes. Fcap. 
8 VO. Cloth, price SJ- * 

MAC CLINTOCk (L.). 

Sir Spangle jtnd the Dingy 
Hen. Illustrated. Square crown 
8vo. , price 3S. 6d. 

MACDONAM (GJ. 

Maw>lm]| Witn Portrait of 
the Author engraved on Steel. Fourth 
Edition. Crown Svo. Price 6s. 
The Marquis of Lossie. 

Second Edition. Crown Svo? Cloth, 
price 6s, 
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MACDONALD continued. 

St. George and St. Michael. 

Second Edition. Crown Svo. Cloth, 6f. 
MACKENNA (S. J.). 

Plucky Fellows. A Book 
for Boys. ^ With Six Illustrations. 
Second Edition. Crown Svo. Cloth, 
price 35. 6d. 

At School with an Old 
Dragoon.^ With Six Illustrations. 
Second Edition. Crown Svo. Cloth, 
price 5^, 

MAC'LACI)LAN(A. N. C.), m.a. 

William Augustus, Duke 

of Curnberland : being a Sketch of 
his Military Life and Character, 
chiefly as exhibited in the General 
Orders of His Royal Highness, 
1745—1747. With Illustrations. Post 
Svo. Cloth, price isj. 
MACLACHLAN (Mrs.). 

Notes and Extracts on 
Everlasting Punishment and 
Eternal Life, according to 
Literal Interpretation. Small 
crown Svo. Cloth, price 3i'. 6d. 
MACN AUGHT (Rev. John). 
Coena Domini: An Essay 
on the Lord's Supper, its Primi- 
tive Institution, Ajiostolic Uses, 
.and Subsequent History. Demy 
Svo. Cloth, price 145. 
MAGNUSSON (Eirikr), M.A., 
and PALMER(E.H.), M.A. 
Johan Ludvig Runeberg's 
Lyrical Songs, Idylls and Epi- 
grams. Fcap. Svo. Cloth, price 5J. 
MAIR (R. S.). M.D., F.R.C.S.E. 
The Medical Guide for 
Anglo-Indians. Being a Compen- 
dium of Advice to Europeans in 
India, relating to the Preservation 
and Re^ilatiou of Health, With a 
Suppleiront on the Management of 
Chiidreu in^ndia. Second Edition. 
Crown Svo. Limp cloth, price 3^. 6d. 
MALDEN (H. E. and E. E.) 
Princes and Princesses. 

Illustrated. Small crown Svo. Cloth, 
price 2f. 6d, 

MANNING (His Eminence Car- 
dinal). 

Essays on Religion and 
Literature. 1 ^ various Writers. 
Third Series. Demy Svo. Cloth, 
price los. 6d. 
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MANNING (His Eminence Crir- 
dinal) — continued. 

The Independence of the 
Holy G:e, with an Appendix con- 
taining the Papal Allocution .nnd a 
transilation. Cr. 8vo. Cloth, pri( e 5^. 

The True Story of the 
Vatican Council. Crown 8vo.r 
Cloth, price 5^. 

MAREY (E. J.). 

Animal Mechanics. A 

Treatise on Terrestrial and ^Aerial 
T.ocoinotion. With tt/ IIlu trations. 
Second Edition^ Crown 8vo. Cloth, 
price 5J. 

Volume XI. of The International 
Scientific Series. 

MARKHAM (Capt. Albert Hast- 
ings), R.N. 

The Great Frozen Sea. A 

Personal Narrative of the Voyage of 
the “Alert” during the Arctic Ex- 
pedition of 1875 6. ^Vith six full- 
page Illustrations, two ^laps, and 
twenty- seven Woodcuts. Eourth 
.and cheaper edition. Crown 8vo, 
Cloth, price dj. 

MARRIOTT (Maj.-G^n. W. F.), 
C S.I. 

A Grammar of Political 
Economy. Crown 8vo. Cloth, 
price 6s. 

Master Bobby : a Tale. By 

the Author of “ Christina North.” 
With Illustrations by E. H. Pf.ll. 
Extr.a fcap. 8vo. Cloth, price js.dd. 
MASTERMAN (J.). 
Half-a-dozen Daughters. 
With a Frontispiece. Crown 8vo. 
Cloth, price 3Jr. 6d. 

MAUDSLEY (Dr. H.). 
Responsibility in Mental 
Disease. Third Edition. Crown 
8vo. Cloth, price 5s. 

Volume VIII. of The Iir^crnatioiia! 
Scientific Series. 

MAUQHAN (W. C.J. , 

The Alps of Arabia; or, 
Travels through Egypt, Sinai, Ara- 
bia, and the Holy Land. With 
Second .Edition. Demy 8vo. Cloth, 
price ss. 

MEREDITH (George). 

The Egoist. A Comedy in Nar- 

* rative. 3 vols. Crown 8vo. Cloth. 

The Ordeal of Richard Fe- 
verel . A H istory of Father and Son. 
In one vol. with Frontispiece. Crown 
8vo. Cloth, price 6f. 


MERRITT (Henry). 

Art - Criticism and Ro- 
mance. With Recollections, and 
Twenty-three Illustrations in mw- 
forte^ by Anna I.ea Merritt. Two 
vols. Large post 8vo. Cloth, asjr. 
MICKLETHWAITE <J. V.). 

F.S.A. 

Modern Parish Churches : 

Their Plan, Design, and Furniture. 
Crown 8vo. Cloth, price yj. 6</. 
MIDDLETON (The Lady). 
Ballads. Square i6mo. Cloth, 
price 3^. 6d. 

MILLER (Edward). 

The History and Doctrines 
of Irvffigism ; or^ the so-called Ca- 
tholic and Apo.stohc Churchy 2 vols. 
Lwge post 8vo. Cloth, price 25^. 
The Church in Relation to 
the State. Crown 8vo. Cloth, price 
TS. 6d. 

MILLER (Robert). 

The Romance of Love. 

Fcap. 8vo. Cloth, price $8, 

MILNE (James). 

Tables of Exchange for the 

Conversion of Sterling Money into 
Indian and Ceylon Currency, at 
Rates from is, 8d. to^ 2s. 3<r. per 
Rupee. Second Edition. Demy 
8vo. Cloth, price £2 7S. * 

MIVART (St. George), F.R.S. 
Contemporary Evolution ; 
An Essay on .some recent Social 
Changes. Post 8vo. Cloth, price 
7s. 6d. 

MOCKLER (E.). 

A Grammar of the Baloo- 

chee Language, as it is spoken in 
Makran (Ancient Gedrosia), in jjic 
Persia- Arabic and Roman charactw?^ 
Fcap. 8vo. 5 j. 

MOFFAT (Robert Scott). 

The Economy of Consump- 
tioet; an Omitted Chapter in Political 
Economy, with .special reference to 
the (Questions of Commercial Crises 
and the Policy of Trades Unions ; and 
with Reviews of the Theories of Adam 
Sniitk Ricardo, J. S. Mill, Fawcett, 
&c. rJemy 8f> C^' h, pri^iSx. 

The Principles ^if sMTime 

Policy: being an Exposition of a 
Method of Settling Disputes between 
Employers and Employed in regard 
to Tirfie and Wage.s, by a simple Pro- 
cess of Mercantile Barter, without 
recourse to Strikes or Locks-out. 
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MOFFAT (Robert Scott)— 
tinned. 

Reprinted from “The Economy of 
Consumption,” with a Preface and 
Appendix containing Observations on 
^me Reviews of that book, and a Re- 
criticism of the Theories of Ricardo 
and J. S. Mill on Rent, Value, and 
Cost of Production. Demy 8vo. 
Cloth, price 3,5. (id. 

MOLTKB (Field-Marshal Von). 

Letters from Russia. 

Translated by Rpbina Napier. 
Crown 8vo. Cloth, price ts. 

Notes of Travel, Being Ex- 
tracts from the Journals^. Cfown 
8v(^ Cloth, price 6s‘. 

Monmouth; A Drama, of ^hich 

the Outline is Historical. Dedicated 
by permission to Mr. Henry Irving. 
Small crown 8vo. Cloth, price 5s, 

MORE (R. Jasper). 

Under the Balkans. Notes 
of a Visit to the District of Philip- 
popolis in 1876. With a Map and 
Illustrations from Photographs. 
Crown 8 VO. Cloth, price 6f. 

MORELL (J. R,). 

Euclid Simplified in Me- 
thod and Language. Being a 
Manual of Geometry. Compiled from 
the most important French Works, 
approved by the University of Paris 
and the Minister of Public Instruc- 
tion. Fcap. 8vo. Cloth, price 2J. 6d. 
MORICE (Rev. F. D.). M.A. 
The Olympian and Pythian 
Odes of Pindar. A New Transla- 
tion in English Verse. Crown 8vo. 
’ Cloth, price 7s. 6d,* 

MORSE (£.^‘’«W^h»D. 

First Book of Zjology. 

With numerous Illustrations. Cfowii 
Bvo. Cloth, price 5;. • 

MORSHEAD (E. D. A.) 

The Agaijiemnon of .ffis- 
chylus. Translated into English 
verse. With an Introductory Essay. 
C^wn Gl<gh, pricil^r. 
Mai^TE^TRA (Felix). 

The Legend of Allandale, 
and other Poeins. Small crown 8vo. 
Cloth, price 6s. 

MUSGRAVE (AnthonV). 
Studies in Political Eco- 
nomy. Crown 8vo. Cloth, price 6 j. 


NAAKE (J. T.). 

Slavonic Fairy Tales. 

From Russian, Servian, Polish, and 
Bohemian Sources. With Four Illus- 
trations. Crown 8vo. Cloth, price $s. 
NEWMAN y. H.), D.D. 
Characteristics from the 
Writings of. Being Selections 
from his various Works. Arranged 
with the Author's personal approval. 
Third Edition. With Portrait. 
Crfwn 8vs». Cloth, price 6s. 

V A Portrait of the Rev. Dr. J. H. 
Newman, mounted for framing, can 
be had, price 2s. 6d. 

NICHOLAS (Thomas), Ph.D., 
F.G.S. 

The Pedigree of the English 

People : an Argument, Historical 
and Scientific, on the Formation and 
Growth of the Nation, tracing Race- 
admixture in Britain from the earliest 
times, with especial reference to the 
incorporation of the Celtic Abori- 
gines. Fifth Edition. Demy 8vo. 
Cloth, price i6j. 

NICHOLSON (Edward Byron). 

The Christ Child, and other 

Poems. Crown 8vo. Cloth, price 
4.S. 6d. 

The Rights of an Animal. 

Crown 8vo. Cloth, price 3.9. 6d. 

The Gospel according to 

the Hebrews. Its Fragments trans- 
lated and annulatcd, with a critical 
Analysis of the E.'atcrnal and Internal 
Evidence relating to it. Demy 8vo. 
Cloth, price gs. 6d. 

NICOLS (Arthury, F.G.S. , 
F.R.G.S. 

Chapters from the Physical 

History of tlie Earth. An Introduc- 
tion to Geology and Paliconlology, 
with*umcrous illustrations. Crown 
8vo. Cloth, price 5s. 

NOAKl^Major R. Compton). 

The Bivouac ; or, Martial 

Lyrist, with an Appendix — Advice to 
the Soldier. Fcap. 8vo. Price 5.4. 6d. 
NORMAN PEOPLE (The). 

The Norman People, and 
their Existing Descendants in the 
British Dominions and the United 
States of America. Demy gvo.. 
Cloth, price 21s. 

NORRIS (Rev. Alfred). 

The Inner and Outer Life 
Poems. Fcap. 8vo. Cloth, price 6s. 
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Notes on Cavalry Tactics, 
Organization, &c. By a Cavalry 
Officer. With Diagrams. DemySvo. 
Cloth, price i2j. 

Nuces : Exercises on the 
Syntax of the Public School 
Latin Primer. New Edition in 
Three Parts. Crown 8vo. Each ir. 

The Three Parts can also be 
had bound together in cloth, price 3.^. 
O’BRIEN (Charlotte G.). 

Light and Shad^* 2 ybls. 

Crown 8vo. Clot^, gilt tops, price 

I2J. 

O’MEARA (Kathleen). 

Frederic Ozanam, Professor 
of the Sorbonne ; His Life and 
Works. Seoand Edition. Crown 
8vo. Cloth, price 75. 

Oriental Sporting Magazine 
(The). 

A Reprint of the first 5 Volumes, 
in 2 Volumes. Demy 8vo. Cloth, 
price 28r. 

OWEN (F. M.). 

John Keats. A Study. 

Crown 8vo. Cloth, price 6 j. 
OWEN (Rev. Robert), B.D. 
Sanctorale Catholicum ; or 
Book of Saint-s. With Notes, Criti- 
cal, Exegetical, atul Historical. 
Demy 8vo. Cloth, price i8j. 
PALGRAVE (W. Gifford). 
Hermann Agha ; An Eastern 
Narrative. Thirfi and Cheaper Edi- 
tion. Crown 8vo. Cloth, price 6j. 
PALMER (Charles Walter). 

The Weed : a Poem. Small 

crown 8vo. Cloth, price 

PANDURANG HARl ; 

Or, Memoirs of a Hindoo. 

With an Introductory Preface by Sir 
H. Baltic E. Frere, G.CS.I.^ C.B. 
Crown 8vo. Price 6s. 

PARKER (Joseph), D.Ef. 

The Paraclete : An Es.say 
on the Personality and Ministry of 
the Holy Ghost, with some reference 
to current discussions. Second Edi< 
tion. Demy 8vo. Cloth, price 12s. 
PARSLOE (Joseph). 

Our Railways : Sketches, 
Historical and Descriptive. With 
Practical Information as to Fares, 
Rates, &c., and a Chapter on Rail- 
way Reform. Crown 8vo. Cloth, 
price 6s. 


PATTISON (Mrs. Mark). 

The Renaissance of Art in 

France. With Nineteen Steel 
Engravings. 2 vols. Demy 8vo. 
Cloth, price 32^. * 

PAUL (C. Kegan). 

Mary Wollstonecraft. 

Letters to Imlay. With Prefato^ 
Memoir by, and Two Portraits in 
eau forte^ by Anna Lea Merritt. 
Crown 8vo. Cloth, price 6s. 

Goethe’s Faust. A New 

Translation in Rime. Crown 8vo. 
Cloth, pricp 6s. 

Wclliafli Godwin : His 
Friends and ContemporffPies. 
WitkPortraits and Facsimiles of the 
Handwriting of Godwin and his 
Wife. 2 vols. Square post 8vo. 
Cloth, price 28^. 

The Genius of Christianity 
U nveiled. Being Essays by William 
Godwin never before published. 
Edited, with a Preface, by C. 
Kegan Paul. Crown 8vo. Cloth, 
price ^s. 6d. 

PAUL (Margaret Agnes). 

Gentle and Simple : A Story. 

2 vols. Crown 8vo. Cloth, gilt tops, 
price I2S. 

Also a Cheaper Edition in one 
vol. with Frontispiece. Crown Svo. 
Cloth, price 6s. 

PAYNE (John). 

Songs of Life and Death. 

Crown Svo. Cloth, price 5s. 

PAYNE (Prof. J. F.). 

Lectures 6n Education. 

Price 6d. / o 

11 . hVcCel and the Kindergarten 
system. Second Edition. 

A Vi^A to German Schools ; 
Elementary Schools in Ger- 
many. Notes of a Professional Tour 
to inspect some of the Kindergartens, 
Primary Schools, Public Girls’ 
Schools, %.d Scl^ls fiC^j^ech^ial 
Instruction in Hamburg;, B^nn, 
Dresden, Weimar, Gotha, Eisenach, 
in the autumn of 1874. With Critical 
Discussions of the General Principles 
and Praetke of Kindergartens and 
other Schemes of Elementary Edu- 
cation. Crown 8vo. Cloth, price 
4Z. 6d. 
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PEACOCKS (Qeorgiana). 

Rays froip the Southern 
Cross : Poems. Crown 8vo. With 
Sixteen Full-page Illustrations 
by the Rev. P. Walsh. Cloth elegant, 
p«ke lojr. (id, 

PELLET AN (E.). 

The Desert Pastor, Jean 
Jarousseau. Translated from the 
French. By Colonel^ E. P. De 
L'Hoste. With a Frontispiece. New 
Edition. Fcap. 8vo. Cloth, price 
35 . (d, • * 

PENNELL (H. Cholmondeley). 

Pegasus Resaddled. By 

the Author of “ Puck on \egasss,” 
With Ten Full-page Illus- 
trations by George Du Maurier. 
Second Edition. Fcap. 410. Cloth 
elegant, price 12J. (d. 

PENRICE (Maj. J.), B.A. 

A Dictionary and Glossary 
of the Ko-ran. With copious Gram- 
matical References and Explanations 
of the Text. 410. Cloth, price 215. 
PERCIVAL (Rev. P.). 

Tamil Proverbs, with their 
English Translation. Containing 
upwards of Six Tliousand Proverbs. 
Third Edition. Demy 8vo. Sewed, 
price 95. 

PESCHEL (Dr. Oscar). 

The Races of Man and 
theirGeographical Distribution. 
I^arge crown 8vo. Cloth, price qj. 
PETTIGREW (J. Bell), M.D.. 
F.R.S. 


Animal Locomotion ; or, 

Walking, Swimming, and Flying[. 
With 130 Illustrations. Second Edi- 
£lC>n. Crown 8vo. Cibth, price $s. 

Volum^VH.«-^f^^ ^ternational 
Sr.icntific*Series. 

PFEIFFER (Emily). ® 
Quarterman's Gface, ,,and 
other Poems. Crown 8vo. Cloth, 
price $5. 

Gian Alarch: His Silence 

and Song. A Poem. Second 
Edition. Cr^n 8vo. pric^j. 
GcfMrd’^y^orslimer^ and 
other Po^ms. Second Edition. 
Crown 8vo. Cloth, price 6.1. 

Poems. Second Edition, 

' Crown 8vo. Cloth, price 6^ 
Sonnets and Songs. New 

Edition. i6mo, handsomely printed 
and bound in cloth, gilt edges, price 45. 


PINCHES (Thomas), M.A. 
Samuel Wilberforce: Faith 
— Service— Recompense, Three 
Sermons. With a Portrait of Bishop 
\yilbcrforce (after si Photograph by 
Charles Watkins). Crown 8 vo. Cloth, 

• price 4jr. 6d. 

PLAYFAIR (Lieut. - Col.), Her 
Britannic Majesty’s Consul-General 
in Algiers. 

Travels€i^the Footsteps of 

Bruce in Algeria and Tunis. 
Illustrated by facsimiles of Bruce’s 
original Drawings, Photographs, 
Maps, &c. Royal 410. Cloth, 
bevelled boards, gilt leaves, price 

POLLOCK (W. H.). 

Lectures on French Poets. 

Delivered at the Royal Institution. 
Small crown 8vo. Cloth, price 54*. 

POUSHKIN (A. S.). 

Russian Romance. 

Translated from the 'I ales of Belkin, 
&c. By Mrs. J. Buchan Telfer {nie 
MouravielT). Crown 8vo. Cloth, 
price 35. 6d, 

POWER (H.). 

Our Invalids : How shall 

we Employ and Amuse Them ? 
Fcap. 8vo. Cloth, price 25. 6d, 

POWLETT (Lieut. N.), R.A. 

Eastern Legends and 

Stories in English Verse. Crown 
8vo. Cloth, price 55. 

PRESBYTER. 

Unfoldings of Christian 

Hope. An Essay showing that the 
Doctrine contained in the Damna- 
tory Clmises of the Creed commonly 
called “thanasian is unscripturaf. 
Small crovij|i 8vo. Cloth, price 45. 6d, 

PRICE (Prof. Bonamy). 

Currency and Banking. 

Crown 8vo. Cloth, price 65. 

Chapters on Practical Poli- 
tical Economy. Being the Sub- 
stance of Lectures delivered before 
the University of Oxford. Larg;; 
post 8vo. Cloth, price 12s. 

Proteus and Amadeus. A 

Correspondence. Edited by Aubrey 
DeVere. Crown 8vo. Cloth, price 55. 



24 


A List of 


PUBLIC SCHOOLBOY. 

The Volunteer, the Militia- 
man, and the Regular Soldier. 
Crown 8vo. Cloth, price sj. 
Punjaub (The) and North 
Western Frontier of India. By an 
old Punjaubee. Crown 8vo. Cloth, 
price 5f. 

QUATREFAGES (Prof. A. de). 

The Human Species. 

Second Edition. Crown 8vo. Cloth, 
price 55. ^ - e 

Vol. XXVI. of Tht'International 
Scientific Series.^ 

RAVENSHAW Uohn Henry), 
B.C.S. 

Gaur: Its Ruins and In- 
scriptions. Edited with consider- 
able additidift and alterations by his 
Widow. With forty-four photo- 
graphic illustrations and twenty-five 
fac-similes of Inscriptions. Super 
royal 4to. Cloth, 3/. 13^. 6<f. 
READ (Carveth). 

On the Theory of Logic : 
An Essay. Crown 8vo. Cloth, 
price 6s. 

REANEY (Mrs. G. S.). 
Blessing and Blessed ; a 
Sketch of Girl Life. With a frontis- 
piece. Crown 8vo. Cloth, price 55. 
Waking and Working ; or, 
from Girlhood to Womanhood. 
With a Frontispiece. Crown 8vo. 
('loth, price 5J. 

English G^ls : their Place 
and Power, With a Preface by 
R. W. Dale, M. A., of Birmingham. 
.Second Edition. Fcap. 8vo. Cloth, 
price 2j. 6(f. 

Just Anyone, and other 

Stories. Three Illustrations. Royal 
i6nio. Cloth, price is. 6d. 
Sunshine Jenny an^ other 
Stories. Three Illustrations. Royal 
i6nio. Cloth, price is. id. 
Sunbeam Willie, and other 
Stories. Three Illustrations. Royal 
i6mo. Cloth, price is. 6d. 
REYNOLDS (Rev. J. W.). 

The Supernatural in Na- 
ture. A Verification by Free Use of 
Science. Second Edition, revised 
^and enlarged. Demy Svo. Cloth, 
price 14^. 

Mystery of Miracles, The. 

By the Author of “The Supernatural 
in Nature.'* Crown Svo. Cloth, 
price 6s. 


RHpADES (James). 

Timoleon. A Dramatic Poem. 

• Fcap. Svo. Cloth, pfice sr. 

RIBOT (Prof. Th.). 

English Psychology. Se- 
cond Edition. A Revised and Cor- 
rected Translation from the latest 
French Edition. Large post Svo. 
Cloth, price gs. 

Heredity : A Psychological 
Study on its Phenomena, its Laws, 
its Causes, And its Consecjuences. 
Large crown Svo. Cloth, price gs. 

RINK ((^evalier Dr. Henry). 
Greemand : Its People and 
its Products. By the dffivalier 
Dr^ Henry Rink, President of the 
(Greenland Board of T^ade. With 
sixteen Illustrations, drawn by the 
Eskimo, aud a Map. Edited by Dr. 
Robert Brown. Crown Svo. Price 

lOJ. 6d. 

ROBERTSON (The Late Rev. 
F. W.), M.A., of Brighton. 
Notes on Genesis. New 

and cheaper Edition. Crown Svo., 
price 3f. 6d. 

Sermons. Four Series. Small 

crowii Svo. Cloth, price 3J. 6d. each. 

Expository Lectures on 
St. PauBs Epistles to the Co- 
rinthians. A New Edition. Small 
crown Svo. Cloth, price $s. * 

Lectures and Addresses, 

with other literary remains. A New 
Edition. Crown 8vo. Cloth, price sj. 

An Analyiis of Mr. Tenri^^ 
son’s “ In M ew »f^ anv” (Dedi- 
catee^ by Permission to the Poct- 
I aureate.) Fcap. Svo. Cloth, price 2J. 

Th#» Education of the 

Human Race. Translated from 
the German of Gotthold Ephraim 
Lessing. Fcap. 8vo. Cloth, price 
2J, 6d. 

Life%nd Lrtteri^Kdi^ by 

the Rev. Stoplord l^okcj^'fill.A., 
Chaplain in Ordinary to the Queen. 
I, 2 vols., uniform with the Ser- 
mons. With Steel Portrait. Crown 
Svo. O’oth, price js. 6d. 

.II. Library Edition, in Demy 8vo., 
with Two Steel Portraits. Cloth, 
price i2S. 
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ROBERTSON (The Late Rev. 
F. W.), M.A., of Brighton— 
continued. \ 

III. A Popular Edition, in one vol. 
Crown 8vo. Cloth, price 6 j. 
jgrhe a^avt Works can also be had 
tMlf -bound in morocco. 

A Portrait of the late Rev. F. W. 
Robertson, mounted for framing, can 
be had, price 2S. 6d. 

HPBINSON (A. Mary F.). 

A Handful of Honey- 
suckle. Fcap. 8vo.e Cloth, price 
3J. 6d. 

RODWELL (G. F.), F.R.A.S., 
F.C.S. ^ 

Etna : a History of the 

Mountain and its Eruptions. 
' With Maps and Illustrations. Si^are 
Svo. Cloth, price gs. 

ROOD (Ogden N.). 

Modern Chromatics, with 
Applications to Art and In- 
dustry. With 130 Original Illus- 
trations. Crown 8vo. Cloth, price 55. 

yol. XXVI I. of The International 
Scientific Series. 

ROSS'CMrs. E.), (^*Nelsie Brook’'). 
Daddy's Pet. A Sketch 
from Humble Life. With Six Illus- 
^ trations. Royal i6mo. Cloth, price is. 
ROSS (Alexander), D.D. 
Memoir of Alexander 
Ewing, Bishop of Argyll and the 
Jsles. Second and Cheaper Edition. 
Detriy 8vo. Cloth, price loj. 6d. 
RUSSELL (Major Frank S.). 
Russian Wars with Turkey, 

P^t and Present. With Two Maps. 
^Second Edition. Cro wa 8 vo. .price 6s. 


SADLER,(S.-W:^R.iy. 

The African Cruisert% A 

Midshipman’s Ad ventures on tlTfe 
West Coast. With Three Illustra- 
tions. Second Edition, Crown 8vo. 
Cloth, price 3jr. 6d. 

SALTS (Rev. Alfred), LL.D. 
Godparents at Confirma- 

Prefajje by tl||^>Bishop 
''all crown 8vo. 


tion. Withjj^^reface 
of MWcheiSr. SfShl 
Cloth, limp, ^rice 2s. 


8AMAROW (O.). 

For Sceptre and Crown. A 

Romance of the Presen> Time. 
' Translated by Fanny Wormald. a 
« vols. Crown 8vo. Cloth, price 15J. 


SAUNDERS (Katherine). 

Gideon’s Rock, and other 

Stories. Crown 8vo. Cloth, price 6f. 

Joan M erry weather, and other 
Stories. Crown 8vo. Cloth, price 6s. 
Margaret and Elizabeth. 
I A Story of the Sea. Crown 8vo. 

Cloth, price 6jr. 

SAUNDERS (John). 

Israel Mort, Overman : A 

Story of the Mine. Cr. 8vo. Price 6s. 

Hifell. •iffiih Frontispiece. 

Crown 8vo. Cloth, price ^s. 6d. 

Abel Drake’s Wife. With 

Frontispiece. Crown Bvo. Cloth, 
price 3J. 6d. 

SAYCE (Rev. Archibald Henry). 

Introduction to fllfe Science 

of Language. Two vols., large post 
8vo. Clolh, price 25^. 

SCHELL (Maj. von). 

The Operations of the 
First Army under Gen. von 
Goeben. Translated by Col. C. H. 
von Wright. Four Maps. Demy 
8vo. Cloth, price gs. 

The Operations of the 

First Army under Gen. von 
Steinmetz. Tran.slated by Captain 
E. O. Hollist. Demy 8vo. Cloth, 
price loj. 6d. 

SCHELLENDORF (Maj.-Qen. 
B. von). 

The Duties of the General 
Staff. Translated ffom the German 
by Lieutenant Hare. Vol. 1 . Demy 
8vo. Cloth, loj. 6d. 

SCHERFF (^Maj. W. von). 
Studies in the New In- 
fantrv Tactics. Parts 1 . and 11 . 
Translated from the German by 
Colonel Lumley Graham. Demy 
8vo. Ck>Lh, price js. 6d. 
SCHMID\(Prof. Oscar). 

The Doctrine of Descent 

and Darwinism. With 26 Illus- 
trations. Third Edition. Oown 
8vo. Cloth, price ss. 

Volume XI I. of The International 
Scientific Series. 

SCHUTZENBERGER(Prof.F.). 
Fermentation. With Nu^ 
merous Illustrations. Second Edition. 
Crown 8vo. Cloth, price 51. 

Volume XX. of The Internation.'il 
Scientific Series. 
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SCOTT (Leader). 

A Nook in the Apennines: 

A Summer beneath the Chestnuts. 
With Fronti-spiece, and 27 Illustra- 
tions^ in the Text, chiefly from 
Original ^ Sketches. Crown 8vo. 
Cloth, price ^s. td. 

SCOTT (Patrick). 

The Dream and the Deed, 

and other Poems. Fcap. 8vo. Cloth, 
price 5J, 

SCOTT (W. 

Antiquitiesf of an Essex 

Parish ; or, Pages from the History 
of Creat Dunmow. Crown 8vo. 
Cloth, price 5s. Sewed, 4f. 

SCOTT (labcrt H.). 

Weather Charts and Storm 

Warnings. Illustrated. SecondEdi- 
tion. Crown 8vo. Cloth, price 3^. 6d, 

Seeking his Fortune, and 

other Stories. With Four Illustra- 
tions. Crown 8vo. Cloth, price 3^. 6d. 

SENIOR (N. W.). 

Alexis De Tocqueville. 

Correspondence and Conversations 
with Nassau W. Senior, from 1833 to 
1859. Edited by M. C. M. Simpson. 
2 vols. Large post 8 vo. Cloth, price 215. 

Journals Kept in France 
and Italy. From 1848 to 1852. 
With a Sketch of the Revolution of 
1848. Edited by his Daughter, M. 
C. M. Simpson. 2 vols. Post 8vo. 
Cloth, price 24J. 

Sermons to Naval Cadets. 
Preached on hoard If.M.S. 
“ Britannia." Small crown 8vo. 
Cloth, price 3^. 

Seven Autumn LeaVes from 
Fairyland. Illustrated with Nine 
Etchings. Square crown 8vo. Cloth, 
price 3J. 6d. 

SHADWELL (Maj.-Gen.), C.B, 
Mountain Warfare. Illus- 
trated by the Campaign of 1799 in 
Switzerland. Being a Translation 
of the Swiss Narrative compiled from 
the Works of the Archduke Charles, 
Tomini, and others. Also of Notes 
by General H. Dufour on the Cam- 
paign of the Valtelline in 1635. With 
Appendix, Maps, and Introductory 
Reaiarks.Demy 8vo. Cloth, price i6s. 


SHAKSPEARE (Charles). 

Saint Paul at Athens : 

< Spiritual Christianiuy in Relation to 
some Aspects of Modern Thought. 
Nine Sermons preache 4 at St. Ste- 
phen's Church, Westbournc .%rk. 
Wilh Preface by the Rev. Canon 
Farrau. Crown 8vo. Cloth, price sr. 
SHAW (Major Wilkinson). 

The Elements of Modern 
Tactics. Practically applied to 
English Formations. With Twenty- 
five Plates ij^nd Maps. Small crown 
8 VO. CMotli, price lar. 

'I'he Second Volume of “ Mili- 
tary handbooks for Officers and 
Moii-c immissioned Officers.” Edited 
by T.ieut.-Col. C. B. Bracjl-tubury, 
1C A., A.A.O. 

SHAW (Flora L.). 

Castle Blair : a Story of 
Youthful Lives. 2 vols. Crown 8vo. 
Cloth, gilt tops, price i2jr. Also, an 
edition in one vol. Crown 8vo. 6j. 
SHELLEY (Lady). 

Shelley Memorials from 

Authentic Sources. With (now 
first printed) an Essay on Christian- 
ity by Percy Bysshe Shelley. With 
Portrait. Third Edition, Crown 
8 VO. Cloth, mce 5s. 

SHELLEY (Percy Bysshe). % 
Poems selected from. Dedi- 
cated to T.ady Shelley. With Pre- 
face by Richard Garnett. Printeil 
on hand-made paper. With miniature 
frontispiece. Eizevir.8vo.,limp parch- 
ment antique. Price 6j.i vellum 7s.6d. 
SHERMAN (Gen. W. T.). 
Memoirs of General W. 

T. Sherman, Commander of the 
Federal b'oA:es in the American ch»il w 
War. By 2 vols. With 

Mao. Demy 8vo Cloth, price 24J. 

• Cop^yri^ht Eny^lish Edition. 
SHIJ^LITO (Rev. Joseph). 

Womanhood : its Duties, 


Temptations, and Privileges. A Book 
for Young Womcfti. Second Edition. 
Crown 8vo. Price 3J. 6d, 
JHIW.EY (Rev. Qrby). M.A. 
Principle# of ffep F^.Ah in 
Relation to SiiJr Topics for 
Thought in Times of Retreat. 
Eleven Addresses. With an Intro- 
duction on the neglect of Dogmatic 
'TheoVogy in the Church of England, 
and a Postscript on his leaving the 
Church of England. Demy 8vo. 
Cloth, price i2j. 
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SHIPLEY (Rev. Orby, M.A.) 
—continued. ^ 

Church TrAts, or Studies 
in Modern Problems. By various 
Writers. 2*Vols. Crown 8 vo. Cloth, 
pri^ SS. each. o 

SHUTE (Richard), M.A. 

A Discourse on Truth. 

Large Post 8vo. Cloth, price gs. 
SMEDLEY (M. B.). 
Boarding-out an4 Pauper 
Schools for Girls. Crown 8vo. 
Cloth, price 6d. 

SMITH (Edward), M.D.,V.Bfv 
F .R.S9> 

Health and Disease, as lii- 

lluenced by the Daily, Seasonal, and 
other Cyclical Changes in the Human 
.System. _ A New Edition. PostSvo. 
cloth, price 7s. 6d. 

Foods. Profusely Illustrated. 
Fifth Edition. Crown 8vo. Cloth, 
price 5J. 

Volume III. of The International 
Sciciitiftc Scries. 

Practical Dietary for 
Families, Schools, and the La- 
bouring Classes. A New Edition. 
Post 8vo. Cloth, price 3^, 6d. 

Tubercular Consumption 
in its Early and Remediable 
^ages. Second Edition. Crown 
8vo. Cloth, price 6s. 

SMITH (Hubert). 

Tent Life with English 
0 *;.*Sies in Noway. » With Five 
full-page Engravi ngs and Thirty-one 
smaller 111 jstranoiis^ ny Whyinper 
and others, and Map of the Couhtry 
showing Routes. Third Edition. ' 
Revised and Corrected. Post '~jvo. 
Cloth, price 2xjr. 

Songs of Two Worlds. By 

the Author of “ The Epic of Hades." 
Fifth Edition. Complete in^ne 
VoltiK^. with|6^rtraic» Fci^.''^8vo. 
Cloth^^ce (. 6d. 

Songs for Music. 

By Four Friends. Square crown 
8vo. Cloth, price 5^. ^ 

Containing songs by Reginald A. 
Gatty, Stephen H Gaity, Greville 
J. Cnester, and Juliana Ewing. 


SPEDDING (James). 

Reviews and Discussions, 
Literary, Political, and His- 
torical, not relatin^r to Bacon. 
Demy 8 VO. Cloth, price i2j. 6d. 
SPENCER (Herbert). 

•The Study of Sociology. 

Seventh Edition. Crown 8vo. Cloth, 
price SS. 

Volume V. of The International 
Scientific Series.^^ 

SPICEflfe 

Otho’s Death tWager. A 

Dark Page of Hi.story Illustrated. 
In Five Acts. Fcap. 8vo. Cloth, 
price 5f. 

STAPLETON (John). 

The Thames : Poem. 

Crown 8vo. Cloth, price 6s. 
STEDMAN (Edmund Clarence). 
Lyrics and Idylls. With 

other Poems. Crown 8vo. Cloth, 
price 7s. 6d. 

STEPHENS (Archibald John), 
LL.D. 

The Folkestone Ritual 

Case. The Sub.stance of the Argu- 
ment delivered before the Judicial 
Committee of the Privy Council. On 
behalf of the Respondents. Demy 
8 VO. Cloth, price 6j, 

STEVENS (William). 

The Truce of God, and other 
Poems. Small crown 8vo. .Cloth, 
price 6d. • 

STEVENSON (Robert Louis). 

An Inland Voyage. With 

Frontispiece by Walter Crane. 
Crown 8vo. Cloth, price 7s. 6d. 

Travels with a Donkey in 

the Cevennes. With Frontispiece 
by Waller Crane. Crown 8vo. Cloth, 
price IS. 6d. 

STEVENSON (Rev. W. F.). 
Hymns f&r the Church and 

Home. Selected and Edited by the 
Rev. W. Fleming Stevenson. 

The most complete Hymn Book 
publisheil. 

The Hymn Book consists of Three 
Parts: I. For Public Worship.— 
II. For Family and Priv.'ite Worship. 
—III. For Children. 

Ptddished in various fortns 
prices^ the latter ranging from %d. 
to 6s. Lists and full particulars 
will be furtiished on application to 
the Publishers. 
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STE WART(Prof. Balfour), M. A., 
LL.D., F.R.S. 

On the Conservation of 
Energy. Fifth Edition. With 
Fourteen Engravings. Crown 8vo. 
Cloth, price m. 

Volume VI. of The International 
Scientific Series. 

STORE (Francis), and TURNER 
Hawes). 

Canterbury Chimes; or, 

Chaucer Tales to Children. 
With Illustr^Mons from the Elles- 
mere MS. Extra Fcap. 8vo. Cloth, 
price 3J. 6d. 

STRETTON (Hesba). 

David Lloyd’s Last Will. 

With Illustrations. Royal 

x6mo., price 2j. 6d, 

The Wonderful Life. 

Thirteenth Thousand. Fcap. 8vo. 
Cloth, price 2S. td. 

Through a Needle’s Eye : 
a Story. 2 vols. Crown 8vo. Cloth, 
gilt top, price 12s » 

STUBBS (Lieut.-Colonel F. W.) 
The Regiment of Bengal 
Artillery. The History of its 
Organization, Equipment, and War 
Services. Compiled from Published 
Works, Ofliciai Records, and various 
Private Sources. With numerous 
Ma^s and Illustrations. 2 vols. 
Derny 8vo. Cloth, price 32^. 

STUMM (Lieut. Hugo), German 
Military Attache to the Khivan Ex- 
pedition. 

Russia’s advance East- 
ward. Based on the Official Reports 
of. Translated by Capt. C. E. H. 
Vincent. With Map. Crown 8vo. 
Cloth, price fir. 

SULLY (James), M^vA. 
Sensation and Intuition. 
Demy 8vo. Cloth, price lor. 6d, 
Pessimism : a History and 

a Criticism. Demy 8vo. Price 14^. 

Sunnyland Stories. 

By the Author of “ Aunt Mary’s Bran 
Pie.” Illustrated Small 8vo. Cloth, 
price 3«. 6d, 

Sweet Silvery Sayings of 
Shakespeare. Crown 8vo. Cloth 
gilt, price js. 6d. 


SYME (David). 

Outlines of an Industrial 
Science. Second Edition. Crown 
8vo. Cloth, price 6 j. 

Tales from Ariosto*. Ret^Jd for 

Children, by a Lady. With three 
illustrations. Crown 8vo. Cloth, 
price 4r. 

TAYLOR (Algernon). 

Guienne. Notes of an Autumn 

Tour. Crown 8vo. Cloth, price 4J. 6d. 

TAYLORf<Sir H.). 

Works Complete. Author’s 

Edition, in 5 vols. Crown 8vo. 
^ Clotl^, price 6f. each. 

Vt/ls. I. to III. containing the 
Poetical Works, Vols. I*v7 and V. 
Che Prose Works. 


TAYLOR (Col. Meadows), C.S.I., 
M.R.I.A. 

A Noble Queen : a Romance 
of Indian History. Crown 8vo. 
Cloth. Price 6s. 

Seeta. 3 vols. Crown 8vo. 

Cloth. 


Tippoo Sultaun : a Talc of 

the Mysore War. New Edition with 
Frontispiece. Crown 8vo. Cloth, 
price 6s. ^ 

Ralph Darnell. New ana 

Cheaper Erlilion. With Frontis- 
piece. Crown 8vo. Cloth, price 6s. 

The Confessions ofa Thug. 

New Edition. Crown 8vo. CIbth, 
price bs. 

Tara : a Mahratta Tale. 
New Edition. Crown 8vo. Cloth, 
price 6s. ^ _ 

TELFERVJ. Buchan), F.R.OTS.,’ 
Comn^^nifcTj^iC.N . , 

The Crimea and Trans- 


Caucasia. With numerous Illus- 
tiT-tions and Maps. 2 vols. Medium 
8vo. Second Edition. Cloth, price 36^. 

TENNYSON (Alfred). 

The Imperial Library Edi- 

ti^. Complete in 7 vols. Demy8vo. 
CI^% price y^3 6d. Rox- 

burgh binding, jCiln bddi^ 

Author’s Edition. Complete 
in 6 Volumes. Post 8vo. Cloth gilt ; 
or half-morocco, Roxburgh style 

Voh, I. Early Poems, and 

English Idylls. Price 6s. ; Rox- 
burgh, js. 6d. 
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TEN N YSON ('Alfred) 

VoL. 11. Locksley Mall, 

Lucretius, other Poems. 

Price 6j. ; Roxburgh, 7^. td, 

VoL. IIL The Idylls of 

thr^;J{[ing {^Complete). Price ^s. 6d.\ 
Roxburgh, gj. • 

VoL, IV. The Princess^and 

Maud. Price 6 j.; Roxburgh, 74. 6</. 
VoL. V. Enoch Arden, 
and In Memoriam. Price ; 
Roxburgh, 7J. 6d. 

VoL. VI. Dramas.*Price 7.f. ; 

Roxburgh, 8 j. (ui. 

Cabinet Edition. vols. 

Each with Frontispiece. Fc^. 8v». 
Cloth, t:;fice 2j. 6d. each. 

Cabinrlt Edition. 12 vols. Com- 
plete in hamlsomc Ornamental C 5 ke. 
32J. 

Pocket Volume Edition. 

13 vols. In neat case, 365. Ditto, 
ditto. Extra cloth gilt, in case, 42J. 
The Royal Edition. Com- 
plete in one vol. Cloth, t6j. Cloth 
extra, 184'. Roxburgh, half morocco, 
price 2ay. 

The Guinea Edition. Com- 
plete in 12 vols., neatly bound and 
enclosed in box. Cloth, price 211. 
French morocco, price 31^. 6d. 

The Shilling Edition of the 

Peetical and Dramatic Works, in 12 
vols., pocket size. Price is. each. 
The Crown Edition. Com- 
plete in one vo!., .strongly bound in 
cloth, price 6j. Cloth, extra gilt 
leaves, price js. 6d. Roxburgh, 
hajf morocco, price 8j. 6d, 

Can also be hai in a variety 
of other bindina^^ 

Original Editions 


The Lover's Tale. (Now 

for the first time published.) 3 cap. 
8vo. Cloth, 3f. 6d. 

Poems. -Smjill 8vo. Cloth, 

price 6s. 


Cloth, price 3s. 6d. 

Idylls of the King. Small 

8 VO. Cloth, price 5^. 

Idylls of the King. * Com- 

plete. Small 8 VO. Cloth, price 6s. 


TENNYSON (Alfred)-c^;///;/«^nr. 
The Holy Grail, and other 
Poems, Small 8vo. Cloth, price 
4s. 6d. 

Gareth and Lynette. Small 

8vo. Cloth, price 3J. 

^ Enoch Arden, &c. Small 

8vo. Cloth, price 3^. 6d. 

In Memoriam. Small 8vo. 

Cloth, price 41. 

Queen A Drama. 

N ew Edition. - "^.rown 8 vo. Cloth, 
price 6s. ^ 

Harold, A Drama, Crown 

8vo. Cloth, price 6s. 

Selections from Tenny- 
son’s Works. Supei^r^al i6ino. 
(Jloth, price ^s. 6d. Cloth gilt extra, 
price 4r. 

Songs from Tennyson's 

Works. Super royal i6mo. Cloth 
extra, price 3^. 6d. 

Also a cheap edition. x6mo. 
Cloth, price 2S. 6d. 

, Idylls of the King, and 

other Poems. Iilu.strated by Tulia 
Margaret Cameron. 2 vol.s. Folio. 
H^f-bound morocco, cloth sides, 
price £6 6s. each. 

Tennyson for the Young and 
for Recitation. Specially arranged. 
Fcap. 8vo. Price is. 6d. 

Tennyson Birthday Book. 

Edited by Emily Shakespear. 32mo. 
Cloth limp, 2S. ; cloth extra, 3^.. 

A superior edition, printed in 
red and black, on antique paper, 
■specially prepared. Small crown 8vo. 
Cloth, extra gilt leaves, price 54'. ; 
and in various calf and morocco 
bindings. 

In Me^noriam. A new Edi- 
tion, choicely printed on hand- 
nuadc paper; with a Miniature Por- 
trait in sau forte by Le Rat, 
after a photograph by the late Mrs. 
Cameron. Hound in limp parchmetit, 
antique, price 6 j., vellum 74'. 6d. 

Songs Set to Music, by 

various C'omposers. Edited by W. 
G. Cusins. l.)edicated by express 
permission to Her Majesty the 
Queen. Royal 4to. Cloth extra, 
gilt leaves, price 214'., or in half- 
morocco, price 25^. 
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THOMAS (Moy). 

A Fight for Life. With 
Frontispiece. Crown 8vo. Cloth, 
price 3J. 6</. 

THOMPSON (Alice C.). 
Preludes. A Volume of 
Poems. Illustrated by Elizabeth 
Thompson (Painter of “The Roh 
Call 8vo. Cloth, price 6 d. 
THOMSON 0- Turnbull). 

Social Pr^hlems ; or, an In- 
quiry into ^ -iw of Influences. 
With Diagrams. D^.ny 8 vo.'^ Cloth, 
price io.r. 6 fi. 

Thoughts in Verse. 

Small Crown 8vo. Cloth, price is. 6 d. 

THRING (Rev. Godfrey), B.A. 

Hynw,. ,:fnd Sacred Lyrics. 

Fcap^Bvo. Cloth, price 5.9. 
THURSTON (Prof. R. H.). 

A History of the Growth 
of the Steam Engine. With 
numerous Illustrations. Second 
Edition. Crown 8vo. Cloth, price 
6 s. 6 d. 

TODHUNTER (Dr, J.) 

Alcestis : A Dramatic Poem. 

Extra fcap. 8vo. Cloth, price 5jr. 

Laurella ; and other Poems. 

Crown 8vo. Cloth, price 6 j. 6 d. 
TOLINGSBY (Frere). 

Klnora. An Indian IVfyllio- 
lo^jical Poem. Fcap. 8vo. Cloth, 
pnee 05. 

TRAHERNE (Mrs. A.). 

The Romantic Annals of 

a Naval Fainily. A New and 
Cheaper ^ Edition. Crown 8vo. 
Cloth, price 55. 

Translations from Dante, 
Petrarch, Michael Angelo, and 
Vittoria Colonna. Fcap. 8vo. 
Cloth, price 75. 6 d. 

TURNER (Rev. C. Tennyson). 
Sonnets, Lyrics, and Trans- 
lations. Crown 8vo. Cloth, price 
45. 6d. 

TYNDALL Gohn), LL.D., F.R.S 
Forms of Water. A Fami- 
liar Exposition of the Origin and 
Phenomena of Glaciers. With 
•'Twenty-five Illustrations. Seventh 
Edition. Crown 8vo. Cloth, price 55. 

Volume I. of The International 
Scientific Series. 


VAN BENEDEN (Mons.). 

Animal Parasites and 

' Messmates. Wi^i 83 Illustrations. 
Second Edition. IClotn, price 55. 

Volume XIX. of The^nternational 
Scientific Scries. : 

VA^JGHAN (H. Halford), some- 
time Regius Professor of Modern 
History in Oxford University. 

New Readings and Ren- 
derings of Shakespeare’s Tra- 
gedies. Vpl. 1. Demy 8vo. Cloth, 
price 155. '* 

VILLARI(Prof.). 

Niccplo Machiavelli and 

'His *?imcs. Translated hy Linda 
Villari. 2 vols. T.arge 8vo, 

Cloth, price 245. * 

VINCENT (Capt. C. E. H.). 
Elementary Military 
Geography, Reconnoitring, and 
Sketching. Compiled for Non- 
Commissioned Officers and Soldiers 
of all Arms. Srpuare crown 8vo. 
Cloth, price 25. 6 d. 

VOGEL (Dr. Hermann). 

The Chemical Effects of 

Light and Photography, in their 
application to Art, Science, and 
Industry. The translation thoroughly 
revised. With 100 Illustrations, in- 
cluding some beautiful specimens of 
Photography. Third Edition. Crown 
8vo. Cloth, price 55. 

Volume XV. of The International 
Scientific Series. 

VYNER (Lady Mary). 

Every day a Portipn. 

Ad.apted fr''jn the Bible and* .he 
Prayer Book, for j^he Private Devo- 
tions of thosrTiving in Widowhood. 
Collected and edited by Lady Mary 
*’Vyner. Square crown 8vo. Cloth 
extOB, price 55. 

WALDSTEIN (Charles), Ph. D. 
The Balance of Emotion 
and Intellect: An Essay Intro- 
duc\..vrv to the Study of Philosophy. 
Crowfil^vo. $Tk)th, l^ce 6 s^^ 
WALLER (Rev. C. V.) 

The Apocalypse, Reviewed 
under the Light of the Doctrine of 
the Unfolding Ages and the Resti- 
tution '"of all Things. Demy 8vo. 
Cloth, price 125. 
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WALTERS (Sophia Lydia). 

The Brook : A Poem. Small, 

crown 8vo. C'oth, price 3.9, ('id. 

A Dreamer^s Sketch Book. 

With Twonty-one Illustratiorts by 
P. fcival Skelton, R. P. T.eitch, 
W. H. J. Boot, and T. R. PritAett. 
Engraved by J. D. Cooper. Fcap. 
4to. Cloth, price i2j. td. 
WARTENSLEBEN (Count H. 
von). 

The Operations of the 

South Army in January and 
February, 1871. Compiled from 
the Official War Documents of the 
Head-quarters of the South\rn Army. 
Translated by Colonel C. 

Wria^. i With Maps. Demy 8vo. 
Cloth, price 6f. ^ 

The Operations of the 
First Army under Gen. von 
Manteuffel. Translated by Colonel 
C. H. von Wright. Uniform with 
the above. Demy 8vo. Cloth, price gr. 
WATERFIELD, W. 

Hymns for Holy Days and 

Seasons. 321110. Cloth, price if. 6 d, 
WATSON (Sir Thomas), Bart., 
M.D. 

The Abolition of Zymotic 

Diseases, and of other similar ene- 
mies of Mankind. Small crown 8vo. 
Cloth, price 34-. 6d. 

WAY (A.), M.A. 

The Odes of Horace Lite- 
rally Translated in Metre. Fcap. 
8vo. Cloth, price 2X. 

WEBSTER (Augusta). 

Disguises. A Drama. Small 

crpwn Svo. Cloth, price 54'. 
WEDMORE (FredcHck). 

The Masters ^ of Genre 

Painting. With sixteen illusl* itions. 
Crown Svo. Cloth, price ys. 6d 
WELLS (Capt. John C.), F.N. 
Spitzbergen — The Gate- 

way to thc^ Polynia ; or, A Voyage 
to Spitzbergen.* With numerous Il- 
lustrations by Whymper and others, 
and Map. ^ew and Ch^" Jt Edi- 
tion' j Deo / ovo. Cloth, pfice 6s. 

Wet Day^, by a Farmer. 

Small crown 8vo. Cloth, price 6f, 
WETMORE(W. S.). 
Commercial Telegraphic 
Code. Second Edition. Post 410. 
Boards, price 42f, 


WHITAKER (Florence). 

Christy's Inheritance. A 

London Story. Illustrated. Royal 
i6mo. Cloth, price tj. 6d. 

WHITE (A. D.), LL.D. 

Warfare of Science. With 

j Prefatory Note by Professor Tyndall. 
Second Edition. Crown Svo. Cloth, 
price 3f. 6d. 

WHITNEY (Prof. W, D.) 

The Life iSrowth of 

Larr^uage*. .-oohd Edition. Crown 
Svo. Cloth, pric^ 5f. Copyright 
Edition. 

Volume Xyi. of The International 
Scientific Series. 

Essentials of- English 
Grammar for the Ukt w.'^hools. 
Crown Svo. Cloth, price 3f. 

WICKHAM (Capt. E. H., R.A.) 
Influence of Firearms upon 
Tactics : Historical and Critical 
Investigations. By an Officer of 
Superior Rank (in the German 
Army). Translated by Captain E. 
H. Wickham, R.A. Demy Svo, 
Cloth, price 7f. 6d, 

WICKSTEED (P. H ). 

Dante: Six Sermons, Crown 

Svo. Cloth, price 5s. 

WILLIAMS (A. Lukyn). 
Famines in India; their 
Causes and Possible P»vention. 
The Essay for the Bas Prize, 1875. 
Demy Svo. Cloth, price 5X. 
WILLIAMS (Charles), one of the 
Special t'orre> yiondents attached to 
the Staff of Giiazi Ahmed Mouktar 
Pasha. 

The Armenian Campaign : 

Diary of the Campaign of 1877 in 
ArmenU and Koordistan. With 
Two Special Maps. Large post Svo. 
Cloth, pric^ lof. 6d. 

WILLIAMS (Rowland),' D.D. 

Life and Letters of, with Ex- 

tract.s from his Note-Books. Edited 
by Mrs. Rowland Williams. With 
a Photographic Portrait.^ 2 vols. 
Large post Svo. Cloth, price 24f. 

Stray Thoughts from the 

Note-Books of the Late Ro^v-u.** 
land Williams, D.D. Edited by 
his Widow. Crown Svo. Cloth, 
price 3f. 6d. 
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WILLIAMS (Rowland), D.D.- 

continued^ 

Psalms, Litanies, Coun- 
sels and Collects for Devout- 
Persons. Edited by his Widow. 
New and Popular Edition. Crown 
8vo. Cloth, price 3s. 6d. 

WILLIS (R.). M.D. 

Servetus and Calvin : a 

Study of Epoch in the 

Early History." the Reformation. 
8vo. Cloth, prfclfa^-;,- - 

William Haivcy. A History 

of the Discovery of the Circula- 
tion of the Blood. With a Portrait 
of Harvey, after Faithorne. Demy 

8 VO. Clqt^^ice 14^. ^ 

WILL(i&GHBY(The Hon. Mrs.). 
On the North Wind — 
Thistledown. A Volume of Poems. 
Elegantly bound. Small crown 8vo. 
Cloth, price js, 6d, 

WILSON (H. Schfits). ' 

Studies and* Romances. 

Crown 8vo. Cloth,' price 7s. 6d, 

Thfe Tower and Scaffold. 

A Miniature Monograph. T.arge 
fcap. 8 VO. Price ts. 

WILSON (Lieut. -Col. C. T.). • 

James the Second and the 
Duke of Berwi* . Demy 8vo. 
Cloth, price 6d. 

WINTERBOTHA.1 (Rev. R.), 
M.A.-, B.Sc. 

Sermons and E {positions. 

Crown 8vo. Cloth, price 7^. 6d. 

Within Sound of the Sea. 

By the Author of “ Bind'’ Roses,” 

“ Vera,” &c. Third Edition. 2 vols. 
Crown 8vo. Cloth, gilt tops, price i2r. 

Also a cheaper edition in one 
Vol. with frontispiece. Crown 8vo. 
Cloth, price 6s. 

WOINOVITS (Capt. I.). 

Austrian Cavalry Exercise. 

Translated by Captain W. S. Cooke. 

^ J^.rown 8vo. Cloth, price ys. 


WOLLSTONECRAPT (Mary). 

^ Letters to Imjay. With a 

,f Preparatory Memq^ by C. Kegan 
j Paul, and two Portraits in eau /orU 
by Anna Lea Merritt. ^^Vown 8vo. 
Cloth, price 6s. 

WOOD (Major-General J. Creigh- 
ton). 

Doubling the Consonant. 

Small crown 8vo. Cloth, price \s. 6d, 
WOODS (James Chapman). 

A Child, of the People, 

and other poems. Small crown 8vo. 
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